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2 heme with t ‘0 el hi
. :;n‘aw‘t\i::n]\l “‘i‘- 1“.;’ ““ly cises, This subsequent development rajes
L l;v p(‘l:sono W t1)(-lhclr thiz was an instance of convevaner of infeo
m by son ar by place, ‘I'he vieinity was iy infes .
£até md Tosauitoee ty was heavily infestod wish
Starkeille,—A family isti
L] g " 4 3
do u;ulur " ”ﬂlljll)f COllSla‘tlllg of tho father, mother, awd six chit.
dren under w)um. of nge, in poor cconomie circumstanees, Moy
\'or:' in? =1, 41, {rom Montgomery County, Aln., to a house iy
villé ’;“;n‘ﬂ;j‘!l’? S(i('llon of 1 cotton-mill village in an outskirt of Sl:u'}\t
diqm’*lwx il [‘L').\l oy, aged 10 months, developed upset stomacel ald
af‘L rrhe e (“ ;l'lyb bt'ftmf they arrived in Starkville, A day or twy
21 )mrx‘n] utm} al in Starkville, he developed paralysie,  He had what
,\] I‘m"m( iliu?lt:):l m{ n{]']";‘sll(n;ts a definite clinienl case of poliomyelitis
Alarg *of children from all ovor the mill vill ith o popu-
e en | { ar the intll village, with o popu-
'nn:}o:{ :Lf z}bou’fi‘ lll,()Oi), wera in elose contaet with him and his bl'()ll\l('l:"
doctér f:,]lli{ b tl?:lgoh t;lclo.?c; wateh, was kept by the mill compmn'-
, a cal health officer, not another case v
: ) e, er, her ease even rentotoly
suggesting poliomyelitis dev ' .
ugRe veloped ‘among any of tl her pors
e omy elof . € any he. other persons
: ']t‘io;:‘%fu:u lzl:;n&]ll é'ﬂiage.'u g im msanitary conditions and the associa-
y children with the afllieted child wuer ) \
ion of ma , were comparable to the
situation i the aren worst i ' len o
> st affveted in Cordova, Al 1.
veloped i o ; A , Al Measles de-
n;i«:g.{i Tbgg:? of ltbefchdd}run in the family with the case of polio-
Yels ¢ week after their arvival in Starkvi y
' a n Starkville, TFro i
spread widely throughout the mill village e them i
[ - ) e

. ’

.

CONCLUSIONS

l. By p > e ", ® - * ‘
) ;ﬁg: ﬁ]}(.]mgs] fu)m Lln? study have epidemiclog.sal significance,
'\I;:Sivsip}) fnl:sl)?gi ;run}a:c of the epidemiological evidence is that in
Missiesip poliomyelitis infeetion was spr i |
. ! yolil y s spread mainly not by
?r::lszi?og lc:?;a%{z llmbdby unknown factors. These factors p(~rhu];s
'd Tats, birds, domestic fowls, or bovine l
luded ] s as harborage, aud
vanflios 00 ), H . )
g?‘:s\dlllii; q('x’!\._f‘z.sc\. rfilomcshca), stable flies (Stomoxys calcz’trans)n, ,blow.
. squitoes, fleas, or other inscets .
] . r s as veetors, and tended L
operate with striking localizati ’ s s
stril calization., On the whol i
o - : : . ol A preture  waus
px;:,mll3 te ’d'l?r &fpwnfl of infection by place rather than by person.
diﬂ‘: m{)tunt ;il:]t:]logx‘cal studies of this kind on & large seale, covering
Siflere. ahboring communities and also wi )
Tere ‘ so widely separated regions
combined witl ¢ tornt o : B o LB
;‘n?.{._loi?:“‘:ll. b: (~IU]‘Y dx;rc‘g‘.ed,‘ coordinated, and concentraled lnlmm:
;;.1':, ;{f:}i;d ;'“:(i): l:\, \:'puh.; j:o far, probably all the way, withio a reason-
wide preicd ol tiae, towad sofuti : ‘ ation o
it S tov jution of the problem of the causation of
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FIVE FUMIGANTS TFOR DISINFESTATION OF BEDDING
_ AND CLOTIING: A COMPARATIVE STUDY OF INSECTI-
CIDAL PROPERTINS

Uniled States Public Health Servies
> '\'Ix‘umiga\t‘ion‘hffs been defined as the progess of liberating fumes or
gases with the object of destroying inseets, rats, wice, and other small °
animals acting as veetors of infeetion.” - In view 6f the presentpotential-
stios for the spread of dizease during the congregation of military and -

civilinn populntions, ibhas seemed timely and approprinte to Fe-examine
the proporties of some of the principa) fumigants and determine these
“propertics under test conditions. 1t ay be, too, that there will he an.
: of fumigants in disinfesting
“fabries and clothing enming into the United States from infeeted
foreign territory. -

_In this study attention was direeted Lo o consideration of the effec-
“tiveness of severnl fumigants when used to destroy inseets in clothing
cand bedding,  The chemieals chosen were those which huve shown

firovidence of value as insecticides and have heen used with reported

[

:m‘ _><,-§. vy - iy e "_“"2»3"."‘ .
. .

-succass by public health workors. ,
. Fumiganls lested—~'Tho funigants Lested were hydrocyanic acird,
chioropicrin, methyl bromide, ethylene oxide-carbon dioxide mixture

“in the proportion of one part elhylene oxide to nine puris earbon
dioxide, and ethylene diehloridescarhon etrachioride mistuse in the

~ proportion of three patis cthylena dichloride to one part carbon

;. tetrnehloride. ,

S points consideved —In testing each of the fumizgants the following

points were observed: .

- 1. Minhnum lelhal coneentrtion (ML) for inserets and rald

o, {renelration of fnbrics.

3. e expostre sequired for killing,

4, Safely fuasunes,

5, Effeet upon {shrics,

. Temperalura as it uifected insectieidnl qualitics.

Methods of apptication, .

MR el R . TR T ey !
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?ll{c{mm'c.al equipment—-The tests were conducled under Taborn o
conditions in # gas-light steel chamber having a enpacity of 14.:r
cubic feet and provided with special inlels permitting the introdnetioy
of acewrate quantities of the fundgant studied.  Provision wus mud,.
for obtaining a vacuum of 25 inches or more of mereury.

Erperimental conditions.—In the tests for penctrating qualitic,
insects were placed between layers of blanket material folded in sud,
manner that the gng‘\\'oulci have to penetrate each sepnreate Tayer hofugp.e
- reaching the inscets.  The material was of a thin cotton-wool mixtir.

- averaging 16 lnyers to the ineh when comproessed by a pressure of .
. pound to the square inch of surface. .

Vermin used —The inscets used in deLermining the efficieney of (he
o7 Tumigants were bedbigs (¢ tmee lectularins) and cockroaches (Blutt fla
, .germanica). The wild rats were of the Norvegicus species,  These
. "+ perticudar vermin were chosen beenuse of their reputed resistnuce 1o
1. fumigants.  In -preliminary ‘tests it was ‘noted {hat bedbugs, in

N

i

-7+ In resistance when exposed to the fumiganls. However, only those
.~ past the third molt were used. . In the case of cockroaches the adults

-';'v-.appcarod to be more resistant than the young and for that reason

. only adults wera used. - 4 considerable variation in the resistance of

-~ - individuai bedbugs and cockroaches was noted, the grestest variation

.- :being found with hydrocyanic acid and the lenst with ehloropicrin,

<, .- The results obtained in laboratory tests with the fumigants under
- “stated conditions nre shown in tables 1, 2, and 3, |

o ~vqrying stages of develppsaent, exhibited no demonstrable difference

w07 TauLe L—"The minimum lefhal coneentiation and the concentration Jor a 100 peerent

L0, vkl of bedbugs by each of five fumigants, in ounces per 1,000 cubic feel, wnder
a '.,‘.cm’npamblc condifions : : . .

. Concententlon requlred (or
a 100 pereent Kl af hod:
hugis In oz, por T
[N

MLC for bodtus 8 1 ox, per
1A en. 12,

.- Hours | Fahrenhelt
. T'rog ot hy 32 ulox- | Lemperas Prateetod Dy 12
layers uf Blanhet

- layers of blabket | pasire | turg range
.‘ ?'@'&f'f .| Unpr
"" ! Anir ineh : teoted | Apnnge

plier! ) . vherle
Pregsie o ' . Dreasure

W lueh
NneEn

R . - o A Er

o {,!ya‘]‘wv.\niuachl..... 3 A IR I

- .'txh:rgyl):w:m Cmeees |3 il I WO 00NN I
w st hrauide B4 L0 g W

= Ethsline antde -inlxe T dinr g0 TP I Ree

$atre,
Ethylesw  diviturhds | 8% ol 02,0 -
foltiure,

12 (0 700,
Gh% tn 20,
70 o7,
b 10 BI5O,,.
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-
-
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o inj endrali g tion fur a 100 pereent
‘sLE 2—The minimum lefhal coneentration awl the cunrentint ur g 100

‘Jg}‘l of cockraackes by eack of five fumigants, in ounces per 1,000 cubie fect, under
compurable conditions

— s m— -

Conevntistion ft‘.l'{llmi'm tor

vk ) o 36 peerentit Ralbed e
MLC for c{\;.‘tz:a;::tcl?l.» in oz, por m.“ih,.s i oz, pet 1La
' T RN

flours | Fahrenhelt
Pratectes) by 82 3axel afoxe b Lewperg
ers uf Dlsnket phstre | fure mnee

Pratecied by 12
Tayuers uf blaaket

T

Copre-
: tected B
tected - . Atuge
Attuase L at%ineh phytle
p’n's e [vavaum e

L 28dnch
fyacuenin
t
.
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vilroeynnie veld ...,
Cllurierin .. cnans
felthyl hromide ...
Tihylene oaldy milx-

i i.‘ Y

e,
:hflc-no iellorfde

8,—The minimum Vihal concentration of & fuwiginls, n onnces per 1,600
eubip feel, for the destruction of wili yals, under cow puralle condilions

. MLC for ras -
gt o of | FAUERE,
LAKK eRHIC § gy cure Lratiis
feet (npras Fatlite
teeted)

Funrgant

* . 52 0 19°,
uh ,'ﬂlydmcym-!c acid &
BOTUPICTIN v emcosraveaonsserrivonmonassnrs . . T
Mothel bromlde L e vees o
Ethybno il wfggure 4 ]
Eitiyhony dichlorlile BEAUED. oo aveenes o e ants e . |

ceerasanmre

To obtain (e dats shown in the {ubles, 139 tests were mde.

These ranged from u sublethul dosage with various conditions of
w4 éxlmsuro, temperature, aud protection, Lo the maximuam dosige peees-

'f‘f“‘;:{'é'&l" to produce & 100 percent kill, In compnring the fumigints the
Fn) :

‘Pariod of exposure to which the insecls and ruls wore subjected wns

£ Tset a4 hours, for preliminacy tests bad shown that the reduced toxicity

0! soma of the fumignn(s (ethylene oxide and otl;ylcr_m dichlovide
“Smixtures) when applied for Iess than 4 houss could lll‘)l‘b(‘! compen-

‘sated by o proportionale increass n c(‘)nminl.mtmn. Quick “wtlml-} 15:
91‘ prime imporlance andd 1 fumigant whiceh is nol enpalile of producing

satisfactory results within 4 hours will b of restieted value, To
~the limit of 12 hours the cffectiveness of all the fumigands was found

' 1 . q et wegspe
"4 o be in direet proportion to the period of exposuri, No tests wers

¢ mude heyond that exposure perisd.

L A comparison of tho five fumigants led to the following observatiotiat

« st peluhum lethal dosaes of each funlgennt “"‘,""F’ 1o murked ¢lma-.:s'm-(;

et ey, Dehuas sid cockrenehies, The oxposure of wild r:u_s wayg ipade ln;t.iu.s'c
e pbeosd that iese nhnals would wure nearly approximale |ummjz elngs
A% ko eoots In feaethos 10 Loz gases, Tt will be, notet! that Elm gmmclat variation
T ha gha 1103 Pobwpyin oo 2 10 nsceets tested was found in the ense of chloro-
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Elicate lung tissue of rate, superimpesd upon the purely toxic effect
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2. The tests fwlies ; . :
very elosely th:irlul;:l(ﬁ'Lfctlll: ' tr}c- l'wuvtmlmg qualitics of the fumiants follow.;
earbon dioxide misture M"u:‘“'lbhls. li,\'(lro«f,\'anic acid and ethylene oxid, .
weights of 27, 44, 44, m; )L'th,E 'le' cast l"""‘tmt’"lx to fabries, having molo(.,.,t.,;
blanket material cumpo;'ml rVL "I. Al the fumiganis pencetrated 32 lnyers of tlll~'v
atmospherie pressure (;hloo n'm}.\tum of cottoi and wool In a 4-hour t;sposm'v qx
any of the other fumigants, ml\)\:(l’:t:z 2]7‘1::::0(1 o henctrute fabriesmore readily than
< ChLes ur

“more was used, ati
ed. penctration of 32 hlanket layers was acconiplished by all the fuini

.

gllll(.\ l“ this cunnectio Ties (3 it ¢ w T " sy
. ! W & series of fosts Wi l s W a
' b made \’lh Cllll) Nerin, usi
connmercial S‘Cl'.l fl.‘lliiglulng L'Ilﬂlll‘)lﬂ of 2,000 Qlll)l(, f(‘t.'b c.lp'\t“} ;‘\. COII]I)I t
oM . e

‘ f 1 ™ -
l\ll Lo} oth bcllbllu& ﬂll(] L'OL'RIOHC]'( was llbtlllllcd within lhc ceater of a commer
- (}l}l] l)..lc of entton, tllc L"Nl'.'v'lln.‘"l"" l",'ln,{‘ 14 ounces p(” 1.000 C"bl(. lcct' Wit h a

4-hour expost i ’ i
Hour Sl‘fx m-;“igc?):l:l :wis':mrch vaeuum, Foll‘owmg a technique deseribed in a
B e tiamu e of Agrwullurc.pubh.cntion,' the insects weie placed i
o deiled fg‘ point of a loug iron pin, which was then driven int the
& of cotfon by nieans of a gledge.  Controls sin;ilurlyhlaccc? bl;:.

.:ungxl:}wed to gas were not injured.
. - Toxicity.—In proportion to its (
. its concentration, hydr i i
IR ] ) ation, hydroeyauie acid appo
) t toxic of the fumiganiy tested, although the spread bctwlzgr;aiﬁ(cl

S !r:}cu;ry Kill within (he L-hour
.- ‘ethylene dichloride mixtures a lop } ;
1ger exposure wasg needed to obtain the full

Jinimum lethal concentration needed to praduce a 100 percent kil of bedbu
gs

“and con ‘A v

and ¢ u;l]l:::s:::::: 1:@ very much greater than was found to be Lhe ease with tl
fis ested.  Chloropicrin and methyl bromide also gave. a slati-lta

periull of exposure,  With ethylene oxide l\ll\ﬁ

. toﬁclctrc;:ts under all conditions,
eluyed effects— surving
a .\I\’as T:,o::a lhIzI\'t, f:?i.l.‘r\m’g ll.m latent effeet, of the various fumigants on wild
e ot RN !ulx exposed to hydrocyanie acid they either diod during
‘dc'lnwd i ;:(T» t' (‘.\posuru or made o completa recovery, indiculin' that no
3 vet resulted from exposure to the gas.  With chloropic'r;in hea
. erin, wh

- 1 . . $ e i
- d(‘ﬂt 1 0f u]c animal (lll’ not 0Cer (l“l"li-,' or llillllc(! .llely af ter L'-‘:[)‘)l""c ton (lo%-lr-l

*

©approxir
. mr?”a“x;:;ilxz‘:“ gl‘cf.\ﬂ.c, symptoms of pulmonary irritation which lasted for
s were {requently observed,  Rats recovering from such syrmptoms

were Obs‘(‘x V(‘(l for u ]u‘“od of 14 motths dl"hl W hl 4 P a Gﬂl(‘.d norniu
3 (.h or lOd lhO} pp

Ak

Followis (posty \
quently dt;llfu}chdegpzow.“‘: of ruts to @ MIC of methyl bromide, death was fre-
When weovens oot P‘lv“—"‘d of 110 3 duys, with an ocensional death mueh Inter
and hedbugs c’xhilfil:;:f‘n' toxle s}sxx:)toms persisted for a long time, - Cock'rcacho;
} & hie =ame delayad or prolonged tox : y
eetng . . R sed Loxic symplons -
¥ 1@:“:3\( 3:\ :nu:onlmtmn of the gas considerably (e;ccpai"g tiie ‘{)Ilf ?.‘ 8 when sub
4 P < . KW . v A2,
- fione sligla?}v ?; ‘:'tluh" !}-.ne oxide and ethylene dlehloride mistures in concentris
by ~uch = I;xpt:: an L 1;: lethal dosage thowed evidence of a defayed tasie effect
<) Ches s Selnsalatg el maelivity ” s X
. *ﬁ';‘. g";f'"‘fr,\' extending over scvoru{ weeks o raffed fur, wnsteady goit, and »
Ao Safihin—Nin~ e sofoty o e
ot l‘.x-it ;q?. ‘!‘iel;;‘; ‘l.l.('l) 6l & funigant frequently depesids npan tie enee
e u‘::er e e Led by thie hunian senses, this quality of the fumignnit
raveet TS dun of (‘ ot Ehluropierinwas the outstanding gas in this respeet, &
of its Iatense !"chf:.‘-.\s l\k'e.".‘ b af “fiz MIC heing unlsearable to hinmans beenuse
“the sufast/of. .ai: the .:(m?t'\ frritation,  Tn s gascous form this ix belioved to b
05,80 The ctnalgams testtd, slihough the fumigator is subjected to the

o o

: Ly e o l‘ o
TR IR No. 63,V S, Depariunent of Agriculture,

Coa

. Methyt bromide, highly toxie in its cffeely,
b
>

% gehibited no symptoms during the period of exposire hut evidenced toxie symp-

L {xoms 24 hours later as shown by redueed activ :
¥ gion to the eyes was noted in ininimu levhal concentrations,  Tour these reasons

te-gealed cans, |

% with seales for weighing prape

e the arned farces, it would appear

ez
F

May 15, IH2

757

razard of sovere skin burns when handling chloropierin in liquid form unless

srotected hy rubher gloves,  The fumigant presents no explusive or fire hazards,

¢, Tits ouly o slight ardor sugeesting

romine and it is very diffienlt to estimate the gaseous congentrtion Ly the sense

i taate or smell,  Ratg exposerd Lo sublethal concentrations of the gas frequently

ity and refusal to eal.  No irrita-

v is considered particularly dangerous. .
Neither ethylene oxide mixture nor ethylene dichloride mixture has suflicient

" warning qualities by which it may e readily delected by other (han experienced
i fumigators,  Frequent exposure of fumigitors to sublethinl concentration of

hese gases during the provess of acration may produce & emnnlative toxie effeet.
. 5. Eficet on fabrics—None of the fumigi ts in gaseous form were found to
zffect the color or testure of fabries or noticenbly tu eurrode metals.  Samplhus of
cvarions textiles of both vegetable and animal origin were subjected to lavge guan-
tities of the fumigants in gascons furm without any detegioration heing noted.
8. Temperature—A low temperature was found to alier miateriaily the effis

> cieney of two of the fumigants, ethylene oxide und ethylene divhloriic mistures.

For these fuinigants a temperature of 50° P or more was required to obigin o
maximum result, although fuir results could he obtained at temperatures as dow
%3 05° T. Below the latter temperature ethylene oxide mixture was unsatisfac-
‘tory. Ethyleno dichloride mixture was found eff cetive as low as 57° F. with only
moderale inervase of dosage. - :
;7. Allof the fumigants mentivned may be obtained commercially in lguid form

#.in steel eylinders from which they may be sprayed into Tumiguting chambers or

compartments, under Lheir own pressire or that of compressed air.  With hydro-
eyunic acid and chloropierin this method may be altered by distribafing from
impregnated absorbent disks containing the Haguid gase These eans

+
1 contain from 1 to 4 pounds of liguid gas,

‘re Jight in weight, casily opened, anc

~'ench disk reprosenting ahout } onnce.
" “I'ho applieation of methy! bramide and othiylene oxide and elhytene dichloride

misbures requires the transportation and use of heavy, cunbersoing steel contain.
“ers equipped with pressure guges, gas-tight valves, sprays, hose, ele., together
A r quantitios fur xmall chiambers or compar(ments,

“ With hydrooyanic nerd and chlorapierin all this equipment. may bo dispensed with -
¥ by the use of cau type conlainers, thus resolving the problem inte one of compura-

3 tively ensy trangportation and simple application,

- When the trapsportation of heavy appiratus o cxplosive gas presents a mjor

- problem in the disinfestation of bedding and clothing of the eivil population er of

hat chloropicrin is the fumigaut of chulee.
Tl exereise of & little ingenuity in converting simsll etnply buildings, paeking
boxes, Lrush enns, tanls, canvas bugs, ote., into funignting deviess should permit
“the use of chioropicrin as a disinfusiation agent under cunditions which might
-olherwise be considered adverse. .

CONCLUSIONS

* 'Phe chaico of o fumigant will depend upon loeation, time, spnce,
angportntion, quality, quantily, use to which the fumni-
ence of Lrained operators, sufely features,

Tequipment, v

v
FA- v N
¢ gutod materig] 18 put, pres
“and the kind of inscets {o be eradieated.

: must be taken inlo consideration, g contpar

e . . -
’ z

ison of the value of the-
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¢ fhmigants Lested s diffienlt and the results may vary somewd, -
according to individual judzment,

None of the fumigants ested were found to he ideal in every 4.0
spect, and so siggle fumigant was superior underall conditions.  Hoe
over, in conncetion with bedding, elothing, aud like textiles, itis b -
lieved that hydroeyanic acid and chloropierin are the fumigints .
choice,  As ap inseelickdo, ehloropicrin appeared to have the most L.
sirable qualities, It is nonexplosive and has excollent warniug chas.
actervistics in sublethal concentration.  Rats exposed to slightly 1o«
than lethal concentration for o period of 4 hours show no evidenes
permanent pathology. ‘Uhe ohjection to this gas is mostly coneeri

. with the necessity Tor ventilation following fumigation. Tt elings pur-
sisiently to fubrics, requiring either prolonged eration, agitation, het-

. ing, mechaniel veniilation, or some combinntion of these factors,
_. Unless used in'an isolated building, its irrilating properlics necessitate
iy exhaust extending abave the surrounding-buildings. + None of thes
L objections arc so serious a5 not Lo be easily DveiCYINg in & ronunercin!
" fumigating veult looated in'large centers of population or by isolating
(he fumigation chamber in field disinfestation of bedding and clothing,
" It would appear that chloropicrin has considerable possibititios us
‘a delonsing ngent for elothing especinlly whon war conditions require
such treatment on o lerge seale and when suitable apparatus for the
application of steam hent is not avuilable. Moore? and Moore sl
= Herscehfelder 3 report the destruction of both lice and eggs in 30-minute
- exposures using a concentration of 4 ce. to a cubic foot of space. The
-~ same results should be obtainable by greatly reduced concentration
it the exposurs wers increased to o 4-hour period. The writer was
able to obtain satisfactory kill of the egus of bedbugs in a concentra-

tion of 12 ounces per 1,000 cubie feet of spaco with a 4-hour exposure.

From a toxie standpoint, methy! bromide is an exeellent fumijgant
for budbugs and cockroaches. Tt is nonexplosive wud presents no

- fire hazard but shows evidence of n delnyed toxice effect in sublethal

concentration. It is not readily detested by the senses of smell and

taste. In comparatively weak concentration a toxic quantity may

be inhaled without the vietim being nware of exposure,

Ethylene oxido-carbon dioxide misture proved effective as an fnser-

Jieide when the test sul.jets wern exposed to the tull concentration ul

pis, but is samewhat defieient in penetraling qualitics and requires
“méolongsd oxposure (b produce results,

To compering the relative toxieity of the ethylene oxide and ethy e

. dichlgride mistures, the kind of inseets tested must be considerc L, A

v malls perventige of both hedbugs and cockronches proved B

-
.

1

T axtefielvirdsistunt wi ethylene oxide mixturs, necessitating a liigh
- - .

s AR
# Muore, Wi §, Labound Clin, Meid., 3:201-208 (1918). .
1 Mo, W, und Herwlifelder, 8, D nbvopf Minu, Resenzeh Pub, Vol 8, No, 4, July 1010 (&4 pares
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soneentration of the uns i arder o seewve & 100 peresnt Lilk, ()q ‘i\w
Hoother hiand, # small pereentage ol hidhuus nmw:.u‘o\l quite suseeptible
“to this gus, For cockronches ethylene divlloride izt appeared
S definitely mare toxie than the ethylene oxide mixtiee, At temperas
“paros helow 6537 T the ethylene dichloride mistuee was nrore effeetive
“ghan the ethylone maide misture, The low lu.\‘wi}_\' ol hoth llu\%o
L pases coupled with the high coneenlpation neeesary i arder (o abiain
o satisfuetory kil of inseets nre undpsirble fentuyes when large
Eiuantitia-,-: of bedding and upholstery ave to he Nunipared, _
 No new data relative to the value of hiydreocynnie neid gas wers
developed by these tests, Inthe ahsenee of o yaenum this gas did }wt
penetrate fabries quite ns readily ns chloropicrin ov methy! hromide.
L, absence of definite warning quaities in lothal concentrations
“,’E';g"rc-;dm's it dangerows (o life when gsed by inesperienced persons,

<3 However, its higgh toxieity, rapit, evolytion from » liguid to n'g.m;omu-f
state, conpled with the fuct thai the gas approximates the weight ol
i and thereby promotes rapid diffusion, makes it & valugble fumi-

s

‘ant for eradicating rodents and inseets from buildings and their fur-
L ROENTY

“nishings. ) ‘

“ Pests other than those mentioned indicate that in the case of 'hyd'ro—_
“oganic neid the residue gas remaining in fabries following fumigation
is mueh greater than formerly helieved, Absorption and adsorption

‘appear 10 play an important role in Lthe ability of a fumigant to pene-
sirate fabrics, . '

Tt §s suggested thnt inaddition to the processes of absorption m}d
“adsorption theve may be o reverse chemical reaction i?otwven certnin
grseous fumigants and fabvies derived from both Eunmul mul vege-
table fibres, which may account for o portion of ratained gas.
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PREVALENCE OF COMMUNICABLE DISEASES IN THE
UNITED STATES
Alarch 20 Apeil 23, 1912
- Tha accompnnying tuble sinmrized the prevalones of .nino im-
portant communicable discases, bused on weekly telegraphic reporls

from State heafth departments. The reports from nncl.x $tzxt’c are
ublished in the Punric Hearru Reeonts under the sectiond-*#Preve-
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Sulturyl flnoride 16-32 mg/liter for 16-24 b and ethylene
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Fumigants for Quarantine Control of the Adult

- - . .

- Brown Dog Tick:" Laboratory

-
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Small-scale Iaboratory fumigations in 1072 indicated that
comparatively high dosage schedules of methyl bromide -
applied 2t botu normal atmospheric pressure {(NAP) and -
at 1 reduced pressure of 105-110 mm Hg were required to
provide quarantine control (100% mortality) of ha’?i-
cephalus sanguineus (Latreille). At NAP, 64 mg/liter for
3.5 h at 22,2°C and 96 mg for 5.5-6 h at 11.1° gave control.

¥ L
L R
-

¢ 1", . Hemsesr Rorm . v -7
ua;autine Programs, Aiﬁms}l and Plant Health Tnspection

“UABSTRAGT -7+ =

ety % NIt B
%{q#ﬂ*gw(g i unugm‘:égas PHIAEH2H7Palléts

Studies™”

Service, USDA, Hohoken, NJ 07030

“

oz .

oxitie-carbon din.;i(ic 1.:9') mixture 16 Hiter.for 162
h..alsow 50.eanpearededl Lig o at NAP, Ef« h‘% 0 dilﬁ%r’ﬁilz
e 5 :

I CTE NG COLIVE NG, aturated atmosphere
of carbon te‘ffd&‘l‘d%m%g‘?ﬂéh ive even with an expgsurc
as short as 1.5 h at near 22°C, Fumigation, below 10°C
does not appear practical for the fumigants tested because
of the high dosages required.

4 a

Ticks oceasionally ‘are intercepted on or with various

" commodities in commerce. Practical methods of quaran-

tine’ control (1009 mortality) for ticks of ‘medical or

- quaranting jmportance are needed to provide minimum
' damnge with least interference to trade. .

Little or no information is available regarding effi-
ciency of various fumigants against ticks. Barnett and

" Parsons (1903) reported that methyl bromide (MeBr)

35.6 mg/liter for 24 h at 2L°C or above at normal at-
mospheric pressure (NAP) killed small numbers of
adult ticks of Rlspicephalus appendiculatus Neumann,
R. everfst Neumann, and Amblyomma variegatum (F.);
nymphal stages ol R. appendiculatus, A. variegatum,
and Ornithodorus moubaia Murray'; and larval stages of
R. appendiculatus and Boophilus decoloratus (Koch) in
the center of bales of hay. Eggs of B. decoloralus failed
to hatch after a 4-h exposure. Some adulis of B, appendi-
culatus were live and fully active 24 h after exposure to_
17.8 mg/liter for 24 h. While some lacvae of B, decolora-
tus and adults of A. variegalum were live but incapable
of active movement immediately after exposure, they
were dead the next day. Reported here are resulis of
Iaboratory tests in 1972 with various fumigants against

) adults of the brown dog tick, B. sanguinens (Latreille),

Matenriars Ay Mernops.—With the cooperation of
Livestock Insccts TInvestigations, Agrie. Res. Serv,
USDA, Kerrville, TX, 200 engorged adults of the brown
dog tick were received weekly for 26 weeks by air mail.

"Upon receipt, the caged ticks were held for 4~28 h at -

near 5.6°C, The ticks were divided randomly into lots
of ea. 20 each and plasced in perforated pill boxes, The
ticks were normally held for 48 h or more at treatment’
temperature befora fumigation, and afterward they were -

" held ab treatmco.s temperature for examination the

next morning, usually 16-24 h. Survival was considered
as the ability to walk. Survivors were examnined later {o
determine if delayed mortality oceurred. Lt
Fumigations were made in 210- or 230-liter fumiga-
tion drums at NAP, or in a 19.1-liter vacuum chamber
at a sustsined reduced pressure of 105-110 mm Ifg
situated in a controlled-temperature (=~ 0.8°C) room.

Sulfuryl fiuoride (Vikane®4) or qthy]gnc ogidc (E0)-

B

" 1 Aesrina Ixodidae, - e )
* Reecived for publication Apr, 16, 1073, | - . I
"hlenﬁnn‘ ll’)f t:la pJos[i;x:tnry product does nol mecessarily imply

[ ot e " . N N .

o \fi‘!?nue fur‘l’l’ishml by Dow Chemical Co., Midland, ML » -

-

; = Purchased by ‘the -

. T AT
- §. Depzriment of Agrioulfure

N e - T -

CO: 10:90 mixture (Carboxide® %) were added to the
drum until the desired experimental coneentration was
obtained s determined by thermal-conduetivity (TC)
analyzers; for these 2 fumigants only, the ticks were
placed in the drum through a small stoppered opening.
MeBr was measured'in a glass dispenser ealibrated in
0.2-ml divisions. Aluminum phosphide (Phostoxin® %)
pellets were placed on 2 metal pan in & drum containing
damp toweling to provide humidity. Ethylene dibromide
(EDB) was measured from a burette calibrated in
0.01-m! divisions into a stainless steel eup. The cup was
heated 3-5 min on a 110-w ring to insure vaporization
of the EDB. Excess of CCly was added to a 1-quart jar,
so that after sealing, the atmosphere in the jar eventu-
ally would become saturated (ca. 896 mg/liter. Fan
circulation 2-3 changes/min for 10~15 min was used
for all NAP fumigations, exeept that it was continuous
with EDB and none with Phostoxin and CCle. Circula-
tion was alsb continuous in fumigations at reduced
pressure, - - - i

Concentrations of MeBr, Vikane, and Carboxide were

. determined with TC analyzers at the beginning and end

of the exposure, except that with reduced pressure the
reading was made 5-10 min beforé the end of exposure
following release to NAP, Concentration of BO in the
mixture was determined by use of a soda asbestos filter
(Ascarite®) (Heseltine 1961). Concentrations of phos-
phine from Phostoxin were determined with Drager or
Kitagawa detector tubes. -
Resvrrs anp Discussion.—DBecause of little or no

" evidence of sex difference in survival, Jata for both

sexes were combined, However, survival when present
was usually of the larger individuals.

MeBr was effective at all temperature ranges above
10°C. Below 10°C (i.c.,near 5.6°) the results were erra-
tic, and the desage schedules apparently required were

ot considered practical except for emergensy use, At

NAP (Table 1), dosage of 64 mgg/liter fof 37T kppeared

" effective_at 22.2°C. Survival oceurred with a concens: » =~

{ration-time (CT) product (Milligram par itér X hour)
of 158. At 11.1°C survival occurred at o CT of 324, ard

= adults were moribund for 1-2 days at a CT' of 465.

12830 e e L e "t
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b Carboxide [ucnished by Unian Cachide Carp.,, New Vark,

: ~ 1 Phoatoxin furnishet! by Hollyweod Termite Cerp., Albambra, CA. *
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Table 1.—Efficiency ofgmethyl-bromide. aimospﬁeric fumigations againgt adult brown dog tick. Initinl observation
morning after end of cxpbSrEsa

No. Ticks
Dosage . Exposure cT .
mg/liter h mgXh  Tests no. Lives Moribund Dead

1b

b
1b
1
4
1¢

56
66.5-75

79.5
85-87.5
100-129
103.5 :
106-116.5
109-128 -

55

120

158 -y .t
164.6 -.
175-200
204-229~
352 -
324 o
368-389
412465 |
473 .-
518

78

213

864

340
423-452
408-486
540~564
679-703
738-784
836-964
876-084
1018

32
40
44
48

oy
Aoy
W

.

i

o o>

SPGB W W DR NN N
ten

it
&

104
112
128

136
144

e TR DD DO N 3 1 et b ot et et b i B o et DD 0 b b et et £ da et b G0 Pt et
b bk
LI 0T OV A RIS e

S T IRE
-1
o
[>,]

* Ono or mare live at 1 week. .
Dend at 2 days.
€ Moribund at 1 and 2 days, dead nt 3 days.

]

Table 2.—Emcie}1cy of t reduce:! pressurc against adult brown dog ticks. Initinl observation
morning affer end of expos . R

No. Ticks

Dosnge Lxposure cr -
mg/liter h mgXh Tests no. Live:  Moribund

) 860 mm Hg
32 . 2 56
48 ) 80 :
105110 mm Hy
62-63
63-69

76
86.5
66

36
40
44
48
40
48

8¢
100-105
110.5-121
129-132
156
170-228
174
228
257-290
316-342-

)
e

B

SO OB B S 1O 2 1

48
54
64
48
G4
72
80

DD p 4= = 05 et DD €1 DD b 1 et bt U ED

s e e 20 G2

; One or mare live at 1 week,
Dead at 2 days,
€ Deud at 3 days.
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Table 3.—Efficiency of Bulfury].
morning after end of exposira;

CoxTrOL oF Anury Browy Doe Tick

uoridesin atmosphecic fumigations against adult brown dog tick. Inilial observation

No. Ticks

Dosage

mg/liter

Exposure
h

- CT
(mgxh)

Tests no.,

Lives

Moribund

10.6
18.1

32
14.2-16
15-16
15.9

16

31.9-66
11.5

3L.8

45.1°
17.7-358.4
12.4-23.8
12.4-35.4
48.6-53.1

186

573.5
658,56
212,5-240
348466
241- 501
372
503~-1497
220

496

708

262489

221-574

297-722
1104-1232

o

b et £33t BN B0 DD et et e

[SY- NPT

Live at 1 week,

£ Y ° - P
b Moribund at 4-0 b, dend next morning,
¢ Dend at 4 days, vo observations at 2 or 3 days.
d Dend at 2 dnys, .

Limited tests indicated that a schedule of 96 mg for
§.5-6 h appesred satisfactory with a CT of 473 or above.
Somewhat lower dosages and exposures are required to
kill the ticks at reduced pressure (Table 2). The toler-
ance of most plant commodities to the MeBr schedules
required for contro!l of these adult ticks is questionable,
especially at the lower temperature ranges.

Sulfuryl fluoride 16-24 h exposure at NAP appeared
cffective at temperatures above 10°C (Table 3). At
5.6°C variable results were obtained. Survival oceurred
in a 16-h exposure with a CT of 708, but in repeated
tests with & 24-h exposure using lower CT's, complete
raortality was abtained.

- The EO mixture appeared effective at all tempera-
tures, even with an exposure of less than 24 h (Table 4).
The only survival (including those moribund) oceurred
_in 2 6-h exposure at 5.6°C with the comparative low

dosage of 232 mg/liter of the mixture (CT of the EO in
the mixture was 114),

In tests with other fumigants, CCs: was effective in
exposures of 1,5 h or more. With a 1-h exposure, a few
ticks were myribund for severai days before dying. EDB
16 mg/liter for 2 h at ca. 23°C was not effective. Alumi-~
num phosphide 12 pellets/230 liter (62,17 pellets/m?)
for 72 h at 22.2° also was ineffective. Higher dosages of
of these 2 last-mertioned fumigants are not cunsidered
practical,

In limited tests, adults held 7 or more days at near
5.6°C pretreatment were more tolerant to MeBr than
those held 2448 h following {ransfer {rom 22°C. Al-
though no tusts were made, it is considered that raising
the temperature of n commodity infested with ticks to
permit use of a lower dosage schedule, or to obtain &
commodity temperature at which treatment is author-

-

Table 4.—Efficiency of ethylene oxide: carbon dioxide-10:90 mixture in ntmespheric fumigations of adult brown
dog tick. Initin] observation morning after end of exposure, .

Dosager

°C mg/liler

No. Ticks
I\foribm;d

Exposure
h

CTe Liver Dead

131
146-154
168-240
162-194
162

170

179
176232
126.5~173
262.5

59
73-78
192-352
48-58

70.5
100-220
62

84~114
136-320
252

-
.

-
»
-
-

e w
-
: .e

=00 D = 1D = B B s s

* Dosage of mixture aa determined from initisl TC reading,

) -

v o . ansen

Avernge concentration of etbylene oxide (milligram per liter) as determined by TC readings at beginning ;md end of cxpdaurctifies time ip .: a”

ours,
€ Live at 1 week,
d Dead by afternoon,
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Jourxal or Troxomic ENTOMOLOGY

Dosuge

Temp. C° mg/liter

el

Vol. 66, no. 6

Minimum conen at h

Exposure h

end

MeBr at NAP

PR .

At reduced pressure

EO-CO* mixture -
Sulfuryl fluoride

P R T
ized or recommended, could

the physiological temp

raiscd immpdiatcly. This could be an
in the fumigation of other pests of quarantine interest. -

32.2 or nbove
26.7-31.7
21.1-26.1
15.6-20.6 - -
10.0-15.0
28.7 or above
21.1-26.1 .

15.6-20.6
10.0-15.0
21.1 or above
10.0-20.6
21.1 or sbove
10.0-20.6

. L ¥
PR 4 . : P
result in survival, because
eraturc of the ticks was not
important factor

The above schedules were recommmended to the

Program for fumigation of commodities infesied with’

ticks. Because of the limi

ited number of ticks tested, and

ien

OF i 3 G0 B = T P Qo &3

LIRS

’ Bnrnétt; S. F,
of ticks on

145 at 2-4 K and of 135 at, the end of expo
analyzer calibrated for the mixture and
scalé equals 2 mg MeDBr. -
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"and inner folds of clothing and : cddmg, are {o
be treated. Shaking or beatmg of bagged or
stacked textiles will assist even distribution of
‘the powder. For complete’ disinfestation by
this method, time must be allowed for the lice to
_eraw] about and expose themselves to the pow-
der. A minimum of 24 hours afte* exposure is
required to insure death of lice. Figgs nre not
destroyed by this method, and the iouse powder
must remain in the clotlnng bedding, and equip-
ment for about 10 days, or until all eggs have
hatehed, so 2s to kill the newly hatched nymphs.

(2} Fuwmigation 1with methyl bromide. (a)
General, Methyl bromide isa colorless, odorléss,
volatiie liquid, boiling at 40° ¥ to produce a gas
which is highly effective in destroying all forms
of insect life. This gas is three and one-half
times us heavy as air, but diffuses readily; and,
when thoroughly mixed with air, does not settle
rapidly. It bas unusual properties of penetra-
tion and is effective at much lower temperatures
than most fumigants. Its eflectiveness is not
decreased by the presence of moisture; unless
sufficient waler is present to form a film which
prevents penetration. TIn'its gascous state the
use of methyl bromide is usually limited to fumi-
gation within tight enclosures. ‘When properly
employed it kills lice and their eggs after rela-
tively short exposure periods. Exposure to
methyl bromide makes lice more active and they
may be seen wandering about the clothing im-
mediately after fumigation, Xowever, these
lico are unable to feed or lay visble eggs and
they will soon die. Methyl bromide does not
injure or shrink fabries or leather, is not corro-
sive to metals, and will not damage other items
such as musical instruments, watches, and
cameras, However, it has oceasionally been re-
ported to cause offensive odors from sponge rub-
ber. No sorting of clothing or equipment, with
separate treatment of each type, is required
when deloused by this method. -

(b) Precautions. High concentrations of
methyl bromide are dangerous to man, Ex-
posure to Jow concentrations for short periods
of time will not cause serious disturbance, but
should not be continued beyond certain limits,
Harmiul concentrations of methyl bromide may
be determined with the halide leak detector
(Frigidaire Leak Detoector, Piece SA~2136, or
equal) by noting the color changes in an alcohol

AGO 11104

189 3-S5
" Disinfestotion Froced vres “

12YS TN
777Y)

TB MED 184

flame. This Jeak detector consists of an nlcohal
torch which heats o copper coil and a sampler
tube which picks up air and supplies it to the
flame. The tube must be kept clean,-siuce par-
ticles of lint or dust will interfere with the test.
The torch is adjusted to give a strong colorless
flame which brings the copper coil {o 2 red heat,
In the present of methyl bromide (or other
halide) the flume becomes green or blue as indi-
cated in the following table:

Parts methy! | Pounds methy)
bromide (per | breml!de (per
million by | ithousand cubie
volume) feet)

Flame tolor

Almost invisible 0 0
Rather faint green_ . ________ - 40 (0. 010
Moderate gr 60-100 | . 014~ . 024
Strong green; alightly biue st
edges ——— 130
Strong green; rather blue. ... 180
Strong blue-grccn : 240-360
Strong blue §00

Warm blooded animals can survive high con-
centrations for brief periods, but prolonged ex-
posures to low concentrations may be injurious
or even lethal. Based on observations of its
effect on animals, it is believed that accidental
exposure to the concentrations of methyl bro-
mide ordinarily used in fumigation is not likely
to cause injury. -However, working many hours
in a relatively low concentration may be harm-
ful. The maximum concentration allowable
within fumigation plants should not exceed 80
parts per million. The air about the fumiga-
tion vaults and in the areas where fumigated
clothing is handled should be tested frequently
to assure safety. 1f directions are carefully
followed, the entire procedure of fumigation
for delousmg clothing can be done safely with-
out the wearing of gas masks by operating per-
sonnel,

(c) Methods. 1. Vault fumigation. (a)
Equipment and supplies. The voult provzded
for the fumigation ofﬁwmnn(f other equip-
ment consists of a gas’ ﬁ‘;‘htrcﬁumbcr with means
for introducing nnd cu’cnl.tlmg methyl bro-
mide. The amount of methyl bromide nsed will .
depend on the tempernture of the clothing or-
other mutmmmdl is {limmutcd ‘}_Vhen tf.em-:b
Perature.xs PO0LT or 0ver, JS3p qnds

ndar vnu t (about ‘330 c"h’r? feet)
or :R‘ “the T rate Of 9 poun'&s _Itcr t]xousana cubw,

-a.. Sy
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Pl

ponnds methﬂbrom.\_g%l n’ﬂl L’)su'friaaf'a v ;%
or B the rn’teo 12 pounds.

¥t ¥ The dusation of e 0suTe tomhe fuil con-
(.entrahon of the gas isf; Ommutes, cn':u-dlcqs
of temperature. Methyl blomvae in 1-pound
cans is requisitioned from the qunrturmnster s
stock No, 51-M-892, ‘'~ ‘> .o

(b) Procedurs..- The men “to. be deloused
bring with them for disinfestation all items of
mdmdual clothing and equlpment including
barrack bags, and proceed as in steps 1, 2, and 9,
below, while fumigation personnel ordmnuly
carry out steps 3 to 8 inclusives’

(1) Ench man undresses, plnces all clothxnfr
and equipment, inclnding that worn, in the bar-
rack bag, closes it, and marks it for identifica-
tion, Lveryt}ung, including shOes, ‘nclmet nnd
valuables, must be dlsmfested

() After depositing the closed barrack bags
at g designated point, the men procecd with per-
sona} disinfestation as deseribed in 2 (2) (D)
above, v

€3] Load the fumlgntlon \'nult with bags on
tiers of removable shelving. If trucks are pro-
vided, load bags onto the tmcks and then wheel
into the vanlt. - - -

(4) Close tightly the vault door and all open-
ings, and set the damper to “circulate.”

(6) Start the circulating fan or blower and
iniroduce the required amount of methyl bro-

mide (see above). Immedintely upon introduc-
ing the methyl bromide, make a careful search
{for leakage with the halide detector; or, if the
vault is «quipped with o pressure gauge, watch
this closely for signs of lenkage. Loente leaks,
if present, and stop with eaulking compound.

(6) Start the timer and circulate the methyl
. bromide for 80 minutes. --

(7) Set the damper to EXHATUST, and venti-
late for 10 minutes. During the last & minutes
of this period, open the door, to allow betier
ventilation. Do not enter the vault until the
end of this ventilating period.- |

(8) Remave bags from thé vault and trans-
porh to the dressing station or entrance to the

“shake-out” room, xdt,nt.lfy, and return to
OwWners.

{9) The men slmke out eaqh garment -thor-
oughly and dress in z well ventilated .area.
Make occasional tests with the balide defector

4

@ar‘fmusnnd cubxc s

eet. l‘or all tempemlurcs 'I;%low 60° T, use§ to assure less than 30 parts per million methyl

bromide in the dressmg ares.

- £, ?agﬁf "g'Eizon., This method is used
only out-of°d6ots Or inder shelters with no side
walls, Sitee it is not conveniont to vary the

amount of methyl bromide used, it is necessary

_to vary the time for exposure according to tem-

perature, ns indicated in the following table:

Length of ex-
posuro to 1 st
puls methyl
bromlde

Temperature degrees Fabrenholt

B0 OF OVer'cn oo mcmmmceee e e 41 hour.

50t0 59ccmncrana- 1Y hours.
401049 o _nns 1% hours.
24 hours,

(a) Equipment and supplies. Bag fumiga-
tion is done in the bwgs, delousing, QM stocL No.
97-B-208, There i8 an inner pocket for an
ampule of methyl bromide, which is.broken
after the bag is closed. The walls of the bag
are of impervious material, and the ends are
folded and tied for closing. The fumigant for
use in bags is methyl bromide, 20 cc ampules,
QM stock No. 51-M-888.

(b) Procedure. A nmumbered bag and iden-
tifying tog is issued to each man who places
therein all lis clothing and equipment. The
operator-inserts an ampule of methyl bromide,
closes the bag, lays the baygr on its side, and re-
lesses the gas within the bag by breaking the
ampule. During the period of exposure (see
dbove table for time required) the men proceed
with personnl disinfestation as described in
a (2) (b) above. At the end of the exposure
period, the bags are identified, opened, and emp-
tied, care bcmg taken to avoid bmathmg the gas.
Adfter airing for 5 minutes, the clothing may be
worn, each garment being first shaken thor-
oughly.

3. Pif fu fwnzgatzon. When vaults or delous-
ing DRES AT MOt AV avmluble it may be necessury
to use 2 pit. By digging a hole § feet deep and
5 feet in diameter, space is made for about 20
barrack bags. The hole is covered with tar
paper, rubberized raincoats, or other impervions
covering, the edges of which nre senled bg vover-
ing with earth. About 1 pound of metbyl
bromide is required to fumignte ench 12 to 20
bags. Care must be used in releasing the
methyl bromide, so that none of the liquid will
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spill on the hands,” If chilled with an ice-salt
mixture for half an hour, the can may be pierced
with an ordinary nail in relative safety. The
opened can is immediately dropped on top of
the bags, and the pit sealed. After the required
time of fumigation {same as in 2 above), the
bags are removed on the windward side with a
hooked pole or other suitable, means. The
clothes are shaken out on the ground to air.

(8) Steam sterilizalion. Disinfestation of
clothing, bedding, and infested equipment by
stearn will kill lice, their eggs, and the ricketsia
which cause typhus fever. Iowever, due to the
injurious effects of steam .on yoolens and
leather, this method has been largely replaced
by other procedures. If a hospital should have
occaston to admit a typbus fever patient, the
clothing may be boiled for several minutes or
sonked in cresol solution before laundering by
standard quartermaster formulas. If facili-
ties for steam sterilization are available, ma-
terials which are not injured by steam :nay be
both disinfested and disinfected by auloclaving
at 15 pounds pressure for at least 15 minutes.
Since steam sterilization or boiling is applicable
io certain types of material only, supplemental
methods of disinfestation will be required,

(4) Storage. Storage of infested clothing
and equipment will accomplish disinfestation
by depriving the lice of n food supply. The
exnet time required is dependent on the tempera-
ture. A safe rule is to keep articles in storage
ot lenst 30 days. Xf the temperature is contin-
nously (day and night) above 70° F., 21 days
is sufficient. In this time the eggs will have
hatched, and the newly hatched nymphs and
the adulis will have died. This method is prac-

tical for disinfesting clothing and blankels in

“hospitals and camps, providing storage facili-
ties are available. Rodents and zll other forms
of animal life upon which lice may feed must
be excluded. Fresh material which may be in-
fested should not be placed with that which
hus been In storage for some time, No articles
should be removed from a room until al] articles
have been in storage the full peried of either
21 or 30 days.

(5) Other methods. BEsposure of infested
clothing, bedding, or equipment to n {empera-
ture of —10° F. or colder for at least 2 hours
will destroy lice and their eggs. The interior of

AGO 11104
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folded or packed materinls must be allowed to
reach the required temperature before measur-
ing the 2-hour period. Laundering of clothing
by the quartermaster laundry formulas, or dry
cleaning, will disinfeet clothing, but provision
should be made to prevent infestation of the
laundry or cleaning establishment and its op-
erators and the reinfestation of clothing subse-
quent to laundering or cleaning, Heat, 28 in
pressing, in the abgence of more desirable meth-
ods, may be used to destroy lice and egps in the
seams of garments.

8, FLEAS. a. General., The presence of fleas
at any time will require that procedures for
their extermination be instituted. Where hu-
man fleas, such as Pulex irrifans, arve present,
measures must be directed toward the use of
repellents and insecticides by individuals, be-
sides the institution of general control proce-
dures. Thorough housecleaning should be di-
rected foward the removal of breeding mate-
rinl—such as dust and the fecal material of
insects und rodents—from floor eracks, corners,
from under floor coverings, and from within
packing boxes, and toward the dnsting of these
places with insecticide, powder, louse, Such
warm blooded animals as rodents (including
bats) and, as far us practical, birds which have
aeeess to buildings occupied by troops should
be destroyed or excluded, as indicated. All
pets and nonmilitary domestic animals should
be treated with insecticide or excluded from
troop quarters. Insecticide, powder, louse, in
a strength of 5 porcent DDT (half strength},
should be applied to infested military animals,
repeating the trentment at such intervals as
existing conditions may necessitate. Kennels
and animal quarters may be dusted with half-
strength insecticide, powder, lonse or sprayed
with residual spray, caution being taken to not
allow animals to come in contact with sprayed
areas until after they have been well ventilated
and well dried. When packing organizational
equipment Tor movement, nl} shipping contain.
ers should be cleaned, insecticide, spray, residun]
effect or insecticide, powder, louse, should he
applied to the interior of boxes, and texliles
should be dusted with louse powder,

b. Conveyances. ‘The interior of trieis,
planes, bonts, or other conveyances should be
inspected prior to loading for movement and,

B
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under such conditions can be observed and recorded. 1y,

real obstacles are two! The length of time required when dealiy, :
with long-lived plants and, in any case, the effort required to hol,

dest

(1)

{2)

3)

(4}

(8)

(6)

()
(o)

("

(10}

(i

(12}

tih

15

(18}

ruction from any cause at & minimum.
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ALY . 1910 the Ofﬁce ‘of the Surgeon (wneral “United StuteﬂT
iy @anested the Bureau of Lntomology and Plant Quarantine

G?i‘thgts with available’ fmmgunts to determine their value
{5 ) «delousing clothing und equipment. After preliminary
Reveral fumigunts had been made, representatives of the
oral’s Office selected methyl bromide s the one best

t\m fc’ G, Irueo anmted in tha prellnisary tedats, A, AV, Moreill, Jt..‘
0
i1

e-u and o the cnré. of ipsect mtmried. A, 1L Yeomans dul{;
puntab o fumigation vaolt and asslsted In denigming the individual nmlo
wh c nre gokce bed in a previsug publleation, (Jat3s, N, and 7
im AND BQUIPMENT ron rummﬂox Q¥ CLOTHING INFENTED wmr
""P Whan. FTont. 36 : 402,404, 1Hua 1043,
i 5’&&1}» Nty dn to Col. W 1. Stane, L. (‘nl n ¢ (.‘mlllllim Lt. Col.

8. Dlantou, of the.Oflca of the Hurgean General and Yol ¥ -

'Omee ot the ‘hiet ot Hogineors, t 8, Ay, fi mivxrlonn and .
y u other wmembers of the Oflce of the Jurgean Gemm
Wunl and the Bumu ot Entomolozy und I’hnr Onnmnﬂm

Army, - ¥ £ . ’
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siited for their:purpoese, . Further studies:were:then made (o adq, .

" the method of applying this fumigant to‘their requirements. 7,

ey stnge of the-budy Jouse (Pedioulus Tumanus corporis Deg) wy, -

used ‘in biological fests; because itiwas indicnted as being the .,
-+ resistant, gtage of the sect. . 07" L L
o Thred ‘methods; ofnpplication’ “were tdeveloped;, as " folluws:
- Yanlt fumigation, i whicl quantities of bagged clothing were o
" posed {a methyl bromide, in ‘a -deinounti\bro_:‘gasﬁgh,t vault, .
individunl-bag fumigation, in which. one soldier’s outfit*wns expow:
. .in o gastight -fumigation bag, und’ (3) pit. fumigation, in wh::
.- from one to many. bags.of elothing were }umignte Jdn o pil dug
S0 Aldemountable vanlt, consisting of'plywood panels which viis
.. . . be xapidly-bolted together toform’n fumigatign,chamber, was
T signed and, built, Tests made in; thisnnit resulted in recommennls
% tiona“of a dosaga of @:pounds of jmethyl bromids per 1,000 vt
- feet of sp’gtcé.‘.‘?tlwec‘I-nbuml eans . per 330-cubic-foot vaultr -
;-7 .. temperatures.above 60° ., or 12 pounds per.1,000, cubir fopt 11,
" lepound enng per vanlt)-nk temperatures beloy, 60°.. Damp clotk -
o Lo was stigeessfullyd fumignted,” but.. the methoed was. not suceesst-:
L vvwith clothing  wef, enongh' 'so; that-water could be .wrung from .
by hand,. 37 5 ek Bt WSl e
An individunl’ fumigation bag from- 25 to 28 inches wide nnd .«
inches long, made of materinl coated with either ‘ethyl cellul.-
or Neoprene (6 make it relatively  gastight, and fitied with
simple, self-contnined closure, wns developed. The methyl brot.
was conlained in ¢ glass amponle, which was broken inside
sealed fumigntion brg. A standard dosage of 20- ¢e. per b
seleeted afler dnsnme.exposure: combinations had been compi™
All variations in- dosage: schedules for varions temperature b
yivere then obtained by ¢hinging the length of exposure hv
* lour steps from three-fourths hour at 55* F. or above, to 2! !
at 31° and below. The sume exposure to eold nlone at — It
below was equally effeclive. Tn the experimental studies the
of other closnives, varions coating muterinls and fabries, flw
sition of the bng, and the location of the ampoule were tested-
“Pit fumigntion at desnges comparnble to those used in the 7
methods, was also found to be effective, The best resulls wen' "
tnined with n pit having o small opening and covers made of =
tight materinls. : : o
Tt was demonstrated that methyl bromide could be vapidit
moved from clothing by seration. - Toven without neration " "~
matitis resulted in tests with Army personnel. .

Methyl bromida fumigation has been utilized by the arinw:d ‘. %
in botly the fiel]l and at permanent delonsing stations af ¥ "¢
debarkation. Tlandreds of thousands of prisoners of W'
returning Army pevsonnel have been nrocessed fhrough s b
tions. : :
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INTRODUCTION

© At the time of the entranco of the Tinited States into Warl S
T ayee.harna fvnhua” was« n problem- of great: concern te
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pdatintes "Avmy. _ Methads of delousing clothing, mainiy by -
prritdrilization, which had been developed during World War Iy,
gnsidered outmaoded, or they required equipment which »vus
envysand. expensive, ~ Accordingly, in Janvury 1942 the Odice.
Y “%Qt%‘gieqn Gienern) of the Ariny requestwl tue Burean of Intos |
R w‘(}.;:l?.lanl. Quarantine to conduet
AT ~to. ascertain whether they gould be used undér military.”
dtions A fumigent rapid in nckion, noninjuripus to clothing *

- -~ L
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i ‘fugxqupt, elfective at low tenperatures, not too dangerous

pandlo,-and with no undesirable postfumigation residues or
jieasant gdors was desived. - - . - ‘
miifinpry . studies were made with several fumigants, {rom
spyesentatives of the Surgeon General's office selected methyl
detigtlie one best suited for their purposs. Further studies
» ehivinde to develop properdosage schedules and equipment
epting -this fumigant to the problem. ‘The tests were per-
pt2the Agricultural Research Center, Beltsville, Md. .
rendiof the experinental worle was: determined largely by
dyrent adaptation of the method by the Olfice of the Surgeon
“}é‘t;gg'fl‘he progress was periodienlly reviewed as each stnge
iWawork was completed, und new problems were attacked in
(ép{{o‘f;dtil,leir importince from the stundpoint of aduptation
aa,.. ' - .

&ph L3
YRR

g R
ey r,;.’.

i BIQLOGICAL TECHNIQUE

FAE ,

wtests showed Ut the egg  of the Lody louse (LPediculus
ants dorporis Dog.) was the sfuge most resistant fo fwinigunts.
fg;tt_i;'.prt}ctlc:;l}y all tests were made with eggs,  The evalu-
wirafieoh 'test was bused on whether or not the egres hatched.
,ﬁgfggﬂ}e ¢gas, representing all possible nges, were collected from
Heof “mlested humans, Later, eggs ol known age from a
nateared at the Oriando. TFla., lnboratory of the Burenn were
apMese egras were shipped by air mail to Beltsville at Trequent

4
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i SUod . .
:i‘fggtésts sianll pieces of cloth o which the epus were attuched

Avere inserfed at selected loentions i the fumigation en-

ZIeE These preces were wired Lollowing treatment wha then hept

ALYk
RiA] Y S e . ' .
.#7" Aolst, warm enviromment until the emes hadehed, At fiest

5 n‘%‘ﬁl{o incubated in mdividuad shell viats, which were pligaed
£lfon and kepy ot o constant temperntie of $0° 1% and o
S humidity of approxinumtely 50 fo 1) peceent, Unelor these
Taahong hatehing was irvegular, sometines extending over a pe
SA0EI8 days or more, YWhen the tempernlure was ruised fo )
ﬁi(}g’lf@ilt-lve humidity Lo near saturation. the eggs ladehed in
Mﬁ}fs-and the percentage of hateh wus mueh higher,
& ntrol. simple representing each source lob of egus in each
Dasincubated wlong with thie trenled eggs, ns o cheek on theiv
Jipse The results of hatching in the check samples were
%g.but in only one case ave they given in the (nbles of date,
r‘up%flh

i

blyitests in which eggs hatched. or in which checks 1n-
,.’ggsgmplo to have adequate viability, are presented. The
§
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wests withe wvaiiable-,
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of controls, given in'table'8, are representative

"~ duta on the hatohing , :
L Y F , 1Since the Tecoids of hatching are expresse - Bl ;

‘ DruM-FuMigaTor METHOD .'#7. " ‘
- of all control samp recold } c AL LU PRI il Bromida were testel v
" i in relntion to the oceurrence ‘ar. absence ofhatehing, -comparisons iloropiorin, enleitm cyanide, and metkyl bromide vrere tested Ly
Y “hatween -treantments’ shonld be made on:that busis, . Proportionats argarethod, both with and without a jond of slothing in the drurm,
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‘amounts-of hatching are, untolinble,” becanse’, the - check sampli, . HERNAth<A0-minute oxposure. of louse eggs. ‘Wests were made in 2.
a \iuriéd'considerably in‘this Tespect.+ In‘some'.samylﬂes the tatal nun. SAT gg];’,glriuu converted into a water-sealed chamber, as deseribed
““her "of ‘ogga; wos esthmated, but in ‘most samples the eggs wer  BAl 93%5‘)03:]3 -ﬁu'f‘;lm“::i]u {:‘is:::%}l}f‘]'g%n;ﬁ 2!:1?1 etri cirenlate the fumi-
et . T UL R - o . . . Xerhh 3 PR N i ¥ B
= actual) ff.our: A, bt e I 2 ‘},{@:,,l -  TeSulls arve g bt . N
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.. PRELIMINARY"EXPERIMENTS WITH PR o
> YARIOUS FUMIGANTS Sindin

Soven fumigants were tested in preliminury experiment:
follows: Acrylonitrile, caleimm cyanide (dust), ehlore
1,L-dichloro-1-nitroothane  (Ithide), ethylena (h.clﬂorldt‘:.r k
bromtide, and o mixture of 75 pércent of ethylene uxide and 25 ;-
of cthylene dichloride (Oxyfume). . "

The tests were mude by thres methods, as follows: (11 i Wirira, i
wator-sealed drum-t,yﬁm fumigator with a capacity of _'(1;;“‘ i e 1 Expuae putiont ) hour.
fouly (2) in & gstight og w]' l]}'l §d°“}p"°i{;§ _oiyi:]l,n’;ro:{;":;tilt\ 1,{\5;{,‘ SEB"Whero oggs wers exposed direetly to the fumnignnts with

- cublo Leet, and (8) in 4 motal-in vl d und ‘l“u (ERPIE 1A ung'present, all three fumigants appearved to he effective.
oo 0T awbie fuet Nob all g e taken. from T gﬁ@u’lﬂﬁl‘ of clothing wus introduced, however, chloropierin and
oy, methods. All egps nsed in these tests were taken from n Wamtaen o ; ' ,
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s ) ' ' ; w¥efimigation purposes. Ixcept for ome exposure of 1 hour,™ -
adnads were- Timited to’ 30 minates.. The vault had a capacity
Viahbic feet. 'All openings were cuvefully fitted with sponge- -
Wiiolots to make the vault gastight: Girenlation was. provided
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AR, e L eg
Fdnzpaihlest clothing at the rate.of 2 to 8 pounds per cubic foot
meipresent in the chamber. The louse-cgy samples, numbering

Guete S42t0:10, were seatlered throughout the load. some of thens

centimelers ‘ ‘ :‘ﬂ‘a@( o1

2 o | : ‘Jgggpluch in the folds of clothing at the cenfers of well-filled

w i mmﬁbngs. Civenlation was maintained throughout the ex-
% i Ralm ﬁ‘t}:p"eriod.

100 o FERRTHY: bromide ut the rate of 6 pounds per 1,000 eubic feet pro-

oA Frmeklcvanplete mortality, but chloropicrin was not; effeetive in any

62 %{gyen.fwhen the exposure period was increased to 1 hour
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On tho hasis of these tests methyl bromide was selected as 1y,
best fumigant, to’use in further experimentation. It was {he i,

~elfective fumigant tried, did not. stain ¢lothing, left no odor, w

shorl, expasure periods. © ’

- ineffective in -shopt-exposures,-even with excessive dosages.

noninflamimable, and ;appurently - did not -renct with ‘articles,
pecinlly those made of plastics, thit might be included in o soldir,
equipment, Tt was the only fumigant of the series with & law L
ing point, apparently an important feature in the congiderution wf
Chloropicrin was highly eflicient in G-hour exposures, but we,
.'\ 1:4‘.
enough was retained in the clothing to produce tenrs in the eye

. of the wearer sevgral hours afterwards., ... :

Aerylonitrile. was inflammable, and. much -greater quantities of i
were roquired than. of methyl. bromide”or -thloropicrin. In indi -
vidual fumigntion-bag tests 1,1-dichlore-1-nitroethane was elfective 3
ab tpproximately the ‘same dosags s qerylonitrile, but it efe s
lingering odor in -clothing.” The mixture of ethylene oxide and
ethylene diehloride was also inflimmable, and even greater dosige

of it were required than of the nbove-named fumigants. Caleint

“eyanide was ineffective, left an odor in clothing, and often slainea

- garments that were moist or sweaty., Bthylene dichloride was n

eflicient, even in G-hour exposuves, and wns also inflammable.

FURTHER EXPERIMENTS WITH METHYL BROMIDE

After (he . preliminary tests had been completed, stndies wen
concentrnted on the use of methyl bromide. Three methods of ui
pliention were developed, and exhaustive studies were conuite!
on' encl .of thess to determine dosnge schedules suitable une!
rarious conditions, These methods were (1) vault fumigatin
in which quantities of clothing were exposed to methyl browi”
in & demountable gastight vault; (2) individunl-bag fuinigation. ¥
whieh one soldier™s ontlit was exposed in o gastight fumigation 1 =
the Tumigant being applied by breaking a glass ampoule contain® ©

- the exact dosage; nnd (3) pit fumigation, in which from oue &

many bugs of clothing were fumigated in o pit dug in the gront
the opening being sealed by puper, raincoats, tarpauling, ov otl
means,

The equipment and biologienl data for each of these method~ ~
be discussed fully under their vespective headings.

VauLt FuMIGATION -

The military authorities desived n lghtweight, demain
fumigntion viult of noneritical materials, of u size convenicr:
transportation when demounted and beet suited for eflicient <~
tion, An experimenta} model @ by 6 by <15 feet was designet 4
constinected }m’ demonsteation to military personnel. This per?
was tentatively approved and experimental studies were condt?
in it to estublish suifable dosage schedules.

The vault was made of sections bolted together to make the v,
wlalin ahashar " { e OV
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bituminous culking compound to make thep gastight. Tneh weers,
consisted of a single sheet of fve-ply, half-inch plywood, reinfoy,,..
nround the edges by n 2- by 2-inch strip, = The top, boltuin, 4
side sections congisted of two pnnels each, The front-end seee.,
served s n door (fig. 8) and closed. ngainst rubber-strip faski..

1t was fitted with double pin hinges; and a series of clamps wvone.:

the complete perimeler served to fasten it tightly and evenly oyl
the gaskets, A smull intake vent was located in this door yay,

.
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Fraung 4.—Rear view of experimental fumigation vault, showing (a) - *
veat, () methyl hromide npplientor and volurilizer, nnd () gxnolin
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Vnveem )

#ﬁﬁﬁ e g‘%loylor, (1) circuhitlon duer, und {¢) exhunst-vent doow,

Mi. ng s also shown, .
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dvened when it wae desived to allow fresil aif to "pdss ite .» .=
t. " The vent door also closed against rubber gaskets, The T
ik section enrried all the operational equi[)ment (fig. 4). A
ang;:blower provided civculation during the fumigniod: und« «-
ipf the fumigant following treatment. [t was mounted at
'» {fig:5) with the outlet directed upwiyq fuie a shert ducton -
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_ the center of: the iagels; Diredtly abova this duict. wag located t), SRR Times that” Werk- dissipating £rom the gas’abisorbed:
haust-vent openhig  The vent.dook, when: closed, was flat nenin “lothipg. - Under these conditions it g not’ deomed nécessary
the rear- punel. and ‘allowed the ‘air stream- ta pass” without \Tm':" RS Antoperntor 1o use-u gns mnsk, beeyuger hie, vould soldom’be es- = "¢
_ruption.. When opéjed, the lower edge off the vent dpor prou-m{-f‘. TRt gggﬁ.;él.mmcci:ible- concentrations of ‘methyl bromida -for. ﬁn’j". -
completely,across the.opehing:of the cirenlation -duct, and seryed o Betlabi ftimeS R e
1 baflle to direct: the disclnige ob the blower throngh the Vol i, emethyl bromide “wis applied :from I-pound cans. ‘The cohs
the exhaust duct. "Simuliancous opening of the infake vent iy K ,t;'ﬁnc?,izre(l‘- hy tightening an'ingenious clamp arcangement.
‘front_ panel allowed o rapid removal of -the Fumigant. Wi, ‘:,Jﬁ—-.'g}. sangoring the chamber, the fumigant passed thronghi a vola-:
closed,” (he exhaust-vent” door‘iwng’ seated . against rubber winhote RERRDE pionmgisting of a coil of capper, tubing suspended i u can of ©
It was actunted by u thironded rod;-uttached to iis center and e 6 wﬁ.l'}r C R ) -
jected through u small gpening in the exhaust duct. To close the Aol ingidis, theyault_svere made by placing 2-by 8-, [,
. vent, o wing nut bu the thren(fed vod was tightened. ™ A strap-ine, dohsbivesof: proper length -in, natehed: strips v the snle panels .
.. frame_around (he outside of the; exhnust duct received the aren  DEESMIENENA . w Lin P o
., of -this. opettion [{flx. b), - Bxterior , and - interior -views of 1he % N AATAR ZENICY o
o, exl,u‘gjzgst‘;“sys‘tg:l}; S slioWn in. figuves & and 5. - et Ehaigavih wis. known’ that ‘methyl, bromide’ fumigntion could be;™ .
T L e T g lunty "g«‘ {ective at Jower tempeuntures by incréusing either the dosage ’
Co S S : ‘..jf?s;*fm‘c’pgsure perwd:[e R T . CUr
) 7tgas.ﬂ)ﬁu‘mnued vault” including the motor weighed 8§09 pounds. .

‘!;. .2

< + PR A KL

- blg:]'..., - w4 -

Wy ':\s: winde: for _henﬁ;lm g ‘the vailt, or its contents,

b '
Ly
'

1 exmausi} il "ij;ode]‘s'b_nilt by the' Quartermaster Corps were increased in -
‘ - { .over T - : g;{ﬁ(),\culnc feel, and the, top, battem, and side sections con-._. .
Frrr ey Dl e T LeiRialste 'f6f-anly one panelsenclis el T S K o
R LR S Yo v g LRy preliminary tests with methyl bromide had.indicated thet at
R A /é?‘——:f—‘ HEomperature of 60° F. or nbove, and iwith 30-minute exposures, . ;.-
BN T iledesof 6 pounds per 1,000 cubie feet was almost completely
TN R % W‘gét(}}'m tnble 3). Twenty-one tests were made in the experimentatl
{BUGT .WORK KD DA avith loads of clothing present in ench, A dosage of 8 pounds
CLAUP REMOVABLE, 00 cubic feet wns deeided upon for these tosts, as this mte
LEAVING THIS SIOE i 71 ' ; T e e ) ’ :
QF PANEL UNEN- AR L

PR S - I e tho. Lapound eans of methyl hromide in 250 cubic feet) had prede-
DIREGTIONAL " K1 . : comeereo) Liddentinied  the capneity of the vault.. One test wag made with half
©oower (wor L {. B .- - B ,4193§glosugc, and in one whers wet clothing wus tnvolved the dosage
coraasmonT) L cd - ] Emgsusifiorensed Lo 19 pounds,.- -+ ' o, :
o K ) panebonds’ of 8 and 5 pounds per cubic fool ot space (30 and 50
gﬁ@l{sibags per load) were used. - All Joads were made np of |
dittacks hags vach contnining one winter outfit (waol uniform,
Bxeout, unclerweat, shirt, shots, socks, and two hlunkets) weighing
firoximalely 25 pounds. The prelininary tests had shown that
it amigant would penetrate to the conter of londed bavracks bags
el hovt-undune Nelay. e :
S w{{\?a'q]ntion to wetness, four types of clothing were used, as
s alldes (1) Dry elothing, in nomnal condition, .52) Damp to wet
%&-‘ir."ﬁ.lﬂijg,, contuining water equal to about 35 to 40 percent, of its
i g’@l‘;llt Thig wns the Yimib of water that could be contained in
. ¥ : : AR paiments withont the operator heing able fo wring oul by hund
Fraune ~—Diageam of the extinust systen used oh the experimenti’ SNy T breciable amount.  This condition was produced by sonking
o funigntion vawit. ~ Siefloching and allowing it (o drain for 2 days, by sprinkling it, ov
. ot ' L R 4 P oaing it Lo nutural yuinfadl (134 inches in one instance). "
The blower ywas driven by # gusoline motor (fig. 4, 0) pla <t Fapgaibigiothing, containing water equal to about 50 pevcent of it¢
outside the reny panel and operated throughout the exposure perey & ‘v‘i,}({hl@»’.‘ This_condition was obtnined by sonking the clothing und :
to hasten penctration. The capneity of the blower was large el & )i ml.rgggt to drain overnight, (1) Very wet clothing, contuining 1 8
'téo .I)licll\'l,de 1;0r 'ri‘l”d Ve“m‘g) “'nd n~10o11}1nqto p."n'iOd:‘\““s “duil.‘:‘;\: L S, ’."l'-l-:;om'm.-. ke gl fwnigantd, is tujurim(: tn ni_! formn of apiuut! e wa
o the remaval of ull fres methyl bromide in the yault T bt sl S, e, it BHS B St

% ' Malerponsd to the gis at fumigntion conventrations, Al piptng or wbing varrsiuyg
ks 3{¢{§,’,‘,§§$!hyl'hrmnltleualwnlll‘ e J!Mkcd frequently to ;»rmut;*mknav. N
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_blower. was operated during unlogding, which kept. a drift °":“‘{§'
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R londed in theee tiers, ;

“
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"L‘riais'-wc-l'e Wit il ;
but no diﬂ‘m}(l;]]ilfle with Flle bags divided into two and three Do
tes in results were noted. T'he temperature of -
. test,-and a thermogt
recor:] w : vl ) 3
S,z::;l]p\l»(:;st)‘%m\%el(l’t !Lhe vauli temperature during each oxp;ual“
‘inble louse ezgs i o nhieed
folded gmrments zgs in small cloth bags were pliceit
i",l(‘;‘;:;te;ea, tlln'ollx,'hout the lond, nn equal number being on ok
abont ':'}: Dq‘;s O‘f louse egprs in damp or wet clothing wepe wet
clndad %;“;‘IL contdition ns the clothing with which they wer-
obtn%x ‘4 1 tl except 1wo feste the eges were from infested el
s (')1“; “l‘ 16 Distrier of Columbin,” "T'wo lots oT egus were !
of ulll ando, Flu, Inboratory, The egas from infesced elothin: -
Were é:,gei' " shown by the hatehing of the cheek samples. 1<
et gregated se ihnt control nnd trented samples frow =
i’\:er“ent ?fdmle person could be identified.  The hatching o
e"g: 331{::‘\0;—‘ s:l\ll‘ndlremm'ed duily from each sample. The nomber
i : iple was estimates], but the mmnber arene hafot
wu’ls‘ an pctual eonn b nrber of Lurvne Jute!
he resulls are given in table 4, With dry clothing no hatch ?
nnarnfura was 60° F. or ahove,

or blankets in the center of selected barracls 1o~
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_METIHYL, RROMIDE AS A DELOUSING
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LX)

Gnh:
3%’55"7[1&71 half-dosnge (4 b, per 1,000 cu, £t.) was used, only
ik Jpereent of the eggs hmtehed, - o . S
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ke ‘.,v asuge ' ‘Fotad
3;33’)" Rdtlot er 1) Totnd ~{  exgi Lgps
3 TRy, eublo foat] sampies | exposed | bintehed
R 4

bR
%2;‘1&‘%’:5 A Number | Nowher
p P . T

* Fumigation tests
Cipnptetely
Tutal uifeotive

{7 :‘.. ' Pounds | Niaber | Ninher | Numler
&7 L :f!$~ 4

vnvzee comrennmcememeld ¢ I 4
;&},La_.'gwrum aleded water) . . 20 Rin |- 0

fent dded water)e.nn . o] wmal L e .
g{_ﬁ peroent aiddud water) -.p. 1 Latg oL @y

Y IS i ul_ < E In I

Fidamp Lo wet clothing complete mortulity of louse eggs "was

pied-in all tests, In wet clothing the resulfs were variable, with

Sk in at least ong sample in ench fest, In very wet clothing

igiatnient was definitely not” elfective, even in the last test,

A the, dostge was inereased 50 percent (12 1b. per 1,000 cu. ft.).

Eoiitewnaioyident from these tests that dry or damp clothing could

?XQ’ mjgited suczessfully, but that clothing wet enough so thut
't\“)&“f}ﬂ‘d Le wrung from it by hand should not be fumignted.

12«;% SHLG fp basis of these experiments u dosage schedule, lor vault

kutililiation,. of ¥ pounds per 1,000 cubic feer for one-hall hour

Sighenanne; or nhove, with o Jond limit of 5 pounds of clothing

e Cr v .
; Q;_lmalfoch of space, was veeommended to the Surgeon Ceneral’s
G A fumigntion vaull similar to the experimental nmodel wus
. A;w_pumm'(lgd. Ip drawing up specih.cptions for procurement of
FEEl faults, Guited Stales Army authorities rnised fhe capneity to
' @7‘@{510 feet, for better efliciency in operation, Sinco it wits degired
"Qgp’;.ﬁ;e tofal dosage per vault in an even number of pounds, the
~‘ f gwats 1ased (0 9 pounds per 1,000 cubig foel,
&g;gwhen the dala obtained in the tests represented in figure 12
mpteanenyrly completed, recommendations were made for dosuge
Haidifles at lower temperstures, proportional Lo the rate of 0
4 ,‘,S“.per 1,000 cubie Teet st G0° I oy nhove, as follows: AL 6" and
58 bse 3 pounds per vault or ) pounds per 1,000 cubic feet, for ous-
cosonr,  Below g0° either use + pounds per vault or 12 pounds per
Stilkeibic feel, or ndd one-half hour of exposura for each 10° below
edhe masy femperature of the clathing, not, tiat of the ade, should
Migdatermining point.

% INDIVIDUAL-BAG FUMIGATION

Gindividunl fumigation hag used in the prelimintry tests with

sfumigants (puges 6-T) wus }t[l])l‘()xll!llltt‘}f' uB 1nches wide
M50 nches jong, and made of light-weight duck coated with
b .WS_OI ethyl cellulose (fig. 8). The exact quantity of fumi-

HiSired wis contained in n glass ampoule, which was pluced in-
18, bag as it was being filled with clothing. After the fumi-
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g‘:;’ﬁf}gé -;}3 ?sl loosely. placed in mgh,ﬁuxﬁgdtﬁoin ;bag? I_lf'su’:;]i)lo ;Lt\\-
- of n blenlet gll}s,? eggs syero placed in.ench bag: between the folds
broken -t 0 ?Mmcuf.. The bng was then senled and the amponls
by 814" le: eud of: the desired exposure period the bag was
pencd, the clothing was shaken out, und the samples of 1 o ougs
were immediutely removed, OTAHT G SR (s us

Priorto fumigution the clothing and biank ) +
s e Soting e Maskts o o
ing the exposure period. - Low:temp: nt temperature o'

> BYOsUIC od. ' Low-temperaturg st rere ninde o
co'i}]-stoxﬁl 6 H00MS, et n gmpe atmq‘htudxcs were minde i
o e early tests wer PR PAD Lo e AT . -
- lothine Igut' ﬂs "IL;G 3}1:1,(10 with Jouse cgas obtained from infeste:
£ g, ub. 1w Inter-ones.with eggs from the Orlande colony
expo ‘:{ﬂglﬁ' u!iu;-o(u.\'pcrunents_ the egas wers given only b
xposur e low {emperature prior to fumigation,
) Lhe & ; rior ¢ on, on {he assump
é:lo'n that in actunl practice the eggs would be at;" budy Lellll)l‘lfl
u};\&l until elothing wns removed for-delousing. - |-
" "j\) stu(lles‘ were divided into t\vo‘fenernl ,'groups: ‘as follows
g) (_)\'elapm‘ont._of -the method, Taeliding studies on  dosupv
(E.\pqamq cdmbinalions, type of closure, position of the bag du i -
ll.ulugutmn, locntion of the nmpoule in the bug, dimensions of 1
Lwilﬁiilx:ga%l:gt?x-lnls; and (2) development of dosage sehedulex
: for varous tempetature ley Mo offects ' >
posure ta cold alone, p ' 3‘ ‘.318, i e Gllc(‘jla
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DLVLLOPMENT OF THE METHOD
DOSAGE-EXPOSURE COMBINATIONY +
The preliminary tes i i
ests with methy! bromide hnd shov t
he | 1 _ vn effects
(I(?S\lgz'ua ns low as 1 ee. per bag for a G-hour exposure, and effi %
%;\po?n‘n es as short, as one-half hour with dosnges of 16 ce. and nbo®
durt wer tests were -made, therefore, to determine the 'minimu™
dosuges required, for the {wo exposare periods; " - i
A R

¢ W KR gurs
N N
;3 temperatnre Jov

: {},f’ 49 tests ™y _éiréjr ade: al 3.1 e Jovels—0
210, Thed Fesultg are” given: ~detail.in tahle 5.
gage of 075 ce. per.bng:appet

fene.8.0f 5 tests ab this’ ilosa”ge‘web;e:complepély_aﬁ‘ec:ive' pad-atc e

e only 1 survivor,: In.ttest L ve, was .complo,m;ﬁj effective, . . 7%
aind. 0.85 cc. wero .deﬁnitel'{. 0

i o g u{)péfwe‘d-,wbﬁ t
fgi din comp

4 ineflective, | Ab:36°:n dosage of 2

yo.minimiin: In 6 testswith 2 ec.

tad, ete.mortality mid only 1 louse survived in'a fourth,

sts with 8 ce. the rosults were similar.” Tn 4 tests 4 ce. wus com-- -

,;ﬁﬁ@gcﬁive{, At 957 a dasnge of 4 ce. per bz was effective in 4

syt h tests, “Chis wus considered to be the mininam dosage, sinee

h&ﬁa'fq@ .gave ivrogular results, and 5 and B cc. were. completely
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1, tests, with short exposures dosnges of 12, 15, und 20 cc. per
itere used, which were both ahove ahd below the lethal dosnges
Ly idgfted in the preliminury studies. ‘The "12-cc. dusage nHuwed
Jﬂ!gl' t-recovery in p of 16 tesls witl halt-hour exposures; in. which
7&% " oggs were used, Tonr Lests with o dosage of 19 ce; for hulf-
inexposures, involving 3,112 eggs, resulted in complete mortality.
Sopiepteen tests with 20-cc. dosuges for hulf-hour cxposures, inyoly-
R 5,410 egas, were also completely effeclive, as weve G additional
X3 with the same dosnge for three-fourths-hour exposures, in
Mb&,cﬂ 1,179 ogys were used.. i :
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;}ftf:xe‘ preliminary tests with individual fumigation bags, the
SOAEAVAS closed for fumigution by folding the open end und clamp-

o fold between two stripg of wood held togetirer b (l-chunp:_a,z 0

pstrated in figure 8. This closure wus not acceptable to mnili-
ecause  1f was~ compos

kv authorities, od. .of detechable purts;
"0?3 other types.were devised and tested. o
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. R zippers), slide clan e
+ ively tr B A e Hemps, and sna rer
xu'[-sz."e',g%n“t“%. were discarded for orie renson or -arl)gtsll;:'ele:l‘?ucqos'\“
of tho opon e“das \Eel?' simple. It consisted of veinforein lie fing)

. end of the bag (fig. 94) with we’bbed-cmlwg ble‘]:l‘hps

. . A . . S m-,;.

N . e 3 o :
JER S e e £
T e

513‘*‘&?*"‘:?:23?5; r‘:ﬁfeﬁ)‘ﬁ,w
TR e e
e

NSRS
A

T
§Iﬁb§[lg&sféf
iy
i

airery DA fumigation g with a foldoverstle

shuwing Xt L
vwing the relnforeed but foxible bayg opening:' ?;:l{‘l::s's;n‘;lné'in?é"gl\o!g:f "
% : 5 ,

:i.(l)lwh'l“ms flexible longitudinally but relatiy
“‘qxs. l'ol(?esimll the lbag, the mouth w
ft: d over the reinforeing stri i
i ! strip three time ied i
- L over (1 i3 1ies ane e
l\'no]\l\'nc ?\2‘(?::]’&&'} ]),11_‘9?(1 tapes (ég.‘ 93). Wlliie]'tig(; l?](}:i;ll.tl
by the bourd elamp “i;““i-ltﬁ"?lil;"’a“'é‘ S not <o Light us that provided
by the . s found to be ellici ot
adwantages from the standpoint of productio(;:e::ﬁdml‘l(tlil}ilti;f‘ cbviere

v - I
.

ely rigid in eross so
ns closed and the end of the I
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' METIYL BROMIDE AS-.A DELOUSINGeAGENT v ee 16
RS N . . 2 A & o. > * b
"X V. .- - & or 8 o« % a o =
: iﬁ patgito- compare ihe fold-over-tie.fype Sithythorbpardslamp:
ATahie were gnnde at -half-hour exposures with dosages of 12, 15,
b [:90 cc. Tour tests with each closure resulted.in complete mor-
iiﬁ-,y;n@; 12-ce. dosages, a3 did two tests av 15:¢c, and five tests ab
Isgndosnges. N . . . : T
) . I : . LI

PFOSEION OF HAG DUBING FUMMIATION

giusual procedure whs to place sumples of louso eggs at two
eations within the fumigation bag—at the holton and_at the
diters - Tn tests where the ampoule of fumignnt was placed at the
om of the bag, and the bag remained upright during the
imtion, egus survived in the sumples at the center of the bag
BtaBaotin those at the bottom, This occurred more often in Army
Bkl bag (see page 21), which wns only £4 inches wide. thun in
l08-inch type used - the preliminary experiments. The result-
diffeence in ciremmference inereased the height:of the load of

- thus also increasing the height of the sanmiple at Lhe center

ho. bag. In five tests with 8 dosage of 20 ce., only one producesl
lete mortality in the center sample when the Avmy type-l hag

rleft wpright during the exposure. as compuved with complete

o {iflity in seven tests with the bg Tying on its side. Tt was also
SRR that" dosages s Jorv as 12 ce, were highly effective when the hag
Teliid on its side. T ] . _

.
v

f S JOCATION OF THY AMPOULE IN THE BAG
- if;ﬁ‘msﬁmdh ns egrges at the center often survived when the ampoule of
niijant was plnced at the bottom of the fumigation bug, the avail-
I8 duta were anulyzed Lo determine (he influence of the location of
eimponle. In one series of experiments using the Army type-1
ipawith a 20-ce. nmpoule for hatf-hour exposures, four of five tests
ﬁ survivors from snmples at the center or Lop of the hugs when the
> ,'C{;f'i}jtemuined upright.  In seven additionnl tests with the bagon its
X ej‘!portulity was complete in snmples at the center ana at the top.
Q}:ﬁ&}' 16 affect of placing the ampoule at the conter of the hug was then
g& tlepmined. With w20-ce. ampoule and threes forrths-hour pxpo-ure

A

Fg!'!!}plete mortality resulied in two tests with the bug upright, but in
Vidworof three fests with the ampoule located al the bottom there wers
QEIRVIVOrs,
ﬁg@gﬂowing Usese tesis n pocket wiis placed near {he top of each
rz_‘c&*ﬂ.lnlgutinn bag to hold the amponle (g 10), An identifying mark
2aommetalso placed on the outside ol the hag o assist in loeating the
wiEminoule (perpendieninr white line above the word *Tead” in "o,
Mhe removitl of the ampotle Trom ils individunl eardhoned cond
5‘1}9;{ was found to be unnecessary s in fact, the conlainer helped (o
tan thie broken ampoule and protect the g from glnss ents,

3 %« Loz, DIMENMIONS OF THE AG

Sl gn b .

%t As noted previously, when the amponle was placed at the hottom

& @5}16 bag mortality was incomplete at the center of the bag or above,
¢ éﬂpmgﬁt bags of narrower dimensions than the original experi-

5 ’g},&%ﬁﬂ Tmodel, It was also shown that if the ampoule was located

3 m;*“

‘-
x

BEST DOCUMENT AVAILARIE |




e

D e

b

*.

SRS . wizze Savee e

e .

.

A= e

B .
TRLY e

.-.!'

e 3 o3

&

L 4

‘at the ‘center :)f:

rg T

R q

CIRGULA

v oAk
JERLR
AR

- morlality result gbo};g"‘;ou_glf

‘ ity . ed.: "From these tosta it wis concluded thal ¢ i
: n:g"rr}tu%tyg could be ensured by suchmenns, and. that t1|ellt;ixt()lll',l"'e
. of the bag 99u1d be determined solely '

i
7
i

NT. OF AGRICULTURE

.

a2 RRCRE I

the.bay whs.Jaid on. ifs side, ol

’Wl,\iu[,,

by convenience. . -

A A
(S ATV A

.
.

FIGCRE U=\ fnmtgutlun bug opened to show the speelal pocket In wiv
the methyt hromide winpioule s placed,

conted with ethyl ¢

- MATERIATS . ..
In addition to the ‘original fumigntion bag of lightweight duch

ellulose, the

j"\."mYA purchased bags similarly mude

% eZAIngle lnyer.of cloth conted with Vinglite,

&

)
, o Plt‘ . . R
"‘)".-_ Uined by using ifferent pxpostre periods,
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| METHYL WROMIDE AS ADELOUSING AGENT, !
: ' " SRR e e Ceet g™

Le oL e S ;; Poe o 5 a )
ub.suteon. wng used instend of the vueler: Lator b matetisl '

{7with Neoprene, a synthetig rubber, was used, tivo layers of
"!;.bemg‘senled together and conted on each onter surface with
i 1&1@1\7 Several .other conted muterinls.rere teSted.at varfous .

‘;,Qct,u)n, The mlerials are degeribéd s follows+¢ > e
Y 7 A N c . . . " . 3
ﬁé{ngle layer of duck wilh three coats of ethyl cellulgse (Inhoratory ex-
W rarimaontat bog), L . : T -
SHaeh pingle lnyner of sateen with threy coats of ethyl cetinlose (Army type-l
s hag ). oo L .
sReavdouble layer of sheelliy with three Jagers of Neoprene, one hotween
npd gne on ench outer surfuce {Avmy, (spe tmg), - )
Tvp: Jayers of waterproof paper with an interiining of tav, - Coe
pleuvy weapping paper. -~ . oo . - T
FAGNIngle layer of loth eoated with ¥layl yewln. © © T T .
% 'ggu!gm lnyer of eloth conted with vinyl vesing * R B
Goprene bulioon cloth, couted g one side - with alwminwn,. welght 205
,&Q{mc&s per square yard. R R R R
Pik-double Inyer of clath couted with polyvingi butyly | o
Afiingle tnyer of cloth coated with Fashi, e ‘
*double myer of Sheeting conted with Neoprene, simflure to (3) above

-y o

led, § onnces per square gaed. | L .
Hilllion ballinett, & doublo luyer of plath conted with Neoprene, nluminized.
v . )

Seieifoon hmllinetr, n doubls Inyer of eioth conted with Neaprene, uﬁulumlw
ilaminnted papec with cloth baek, - =

181PAper luminated (o cloth, L .
,gd%'ﬂdoul)h: Inyer of gheeting, with-a middle eeit hetween the sheeting of
apunn 8, and outer contings of Neoprene,
J}fﬂu(llﬂe’!u)’m' ot shipetfng, with three conts of huty! rubber,
Asdonble nyer of sheesing with o middle eont between the sheeting of
o ;;,guty} subber, and outer contings nf Nenpeene.
> ?ﬁ_t‘nnherof tests were made in which hags of the various materials
arescompayed with bags made of materinls 1, 2, and 8. . In severn!
inges 4 snblelhal dosnge was deliberately nsed, so that finer com.
trnons could be ade. The resulis showed that most of the mate-
iﬂ?},ﬁ?g.\“{etc,jax‘aclu.'nny a4 ofticient a9 those confed with ofhiy! collulose
Neoprene, A single laynr of cloth conted with vinyl resin was
Hibly slightly inferior, and would requive an inereased dosage.
tlts of these tests ave given in table 6.

7 DEVELOPMENT OF DOSAGE SCHEDULE
k!
X ?“,na alpendy knowun. when these investigations were begun, that.
LT hromide is effective in diveet velufion to the temperatury, and
WEdarger dosames or longer exposures are necessary at {he lower

grature fevels.  Sinee it~ was manifestly impractiet! to have
Impoples of varions sizes, the variations in dosuge sehedules were

ahie methind of Numigation was adopled by thie Army, and praeure-
DL Ungs and amponles was initiaten]) eoncurrently wilh the experi.
ital stucdies. On the basis of preliminary information, o 20-cc,
eADGule was selected as the most satisfactory ; therefure this dosnge
#¥ERinsed in nll tes(s, Hags econted with either ethyl collulose or
radabonrene were nsed in nil experiments, The louse egps were from
ghlando colony, unless otherwise noted, <

PN 'l’!c ripttony of the matorinls wre jncomiplete In wome inatances, Lut thay répresunt

;. infarmation available, . . e e o
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101 A ol Aroudd;opps were fumigated in individual bags with a norinal loud

5ivinds of wool clothing and hlankets, at temperatures ranging
[EFto 76° F. A total of 438 sumples, containing 71,024 ewgs,
?‘):ﬁggted, and approximately 23,000 eggs weve observed as conirol
1685 Tn_tests at low temperatures the coutlrol samples wera
fed,-one half being exposed to tha same tempernture as the treated
At n.similar period, and the other hnlf remnaining at room tewn-
ket The results are given in"table 7. o
heithe data were plotted (fig, 11), the-increase in the exposura
ESaty.was not o straight-line relationship, but tended to level out
Xiﬁhe freezing point,” A 30-minute exposure was apparently suf-
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03 Banette o L . voia in 3 of & fests, although 4 tests with 1%-hour and 3 of +
@A 2. T Y o , Sty 1-hour exposures restlled in complete mortality, The sur-
(0 T s \ vl am : Lol the 134-hour eaposures were very few. At 25% thete were
A18) Loanlsted papes 1T . S dw Waafew recoveries in § of 8 tests at 184 -hour exposures, At 10° mor-
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"These {acisions were Lnsed.on the following facts? (1) 20
mmpoules would cost Tittle mors thaniL:ov 2-ce. nmpoules oy,
Tahor, not thie cost of the cantents, would be (hie determining Cacroy.
and bugs epuld be renswl with greafer frequency with-the shopy
exposure period; (2) in bags 25 inches. wide mors. économical .,
of fabries was made,. owing to certain stock widths; (3) the lolq.
over-tie ¢losure hnd no detachuble parts to be lost; (4) the pocket [y
the ampoule provided not anly that the ampoule would alwiys 1.,
Toeated near the top .of the bag but also- that its position could 1.
easgily located from thie outside of the bag; (8) fumigation wonld .
suecessful, even though the bag remnined upright, becaunse of 1l
lixed position of the mmponle near the top, should the directions for
placing the bag on its side be disvegurded.” .+ 7
The following exposure periods for the 20-¢e. ampoules were recom.
mended to the Office of the Surgeon General on the basis of partial
results: Lo ' '
R . LAY )
‘55 and pbove
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r =Dt
- 10 und below
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RECOMMENDED EXPOSURE PERIODS_'
o \

'
b

EXPOSURE PERION {HOURS)

10 0 0 40 30 6Q
TEMPERATURE ({*F)

tracke 1l—Yelation of reconnuended dosnge seheduleg to the experineutt
ditn In mble 7. ‘The triangles represent tests glving fncomplete mortality
and the clreled, tests giving complete suortality. .
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METIVL BROMIDE AS A DELO
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: us given completely in tuble 7, in gérlerhl supyocted th
mendations, . - s ot Y
ﬁ&:;eliitiq:) of these recommendations to the vesults of tests are.
':igqui)lllpatlly in figure 1L- om0 o g
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jgntion "of louse-infested clothing in ground pils hnd heen
ested as an emergency . alloviative to vault o individual-bag
fbion.. A number of tesls wern ninde to determine the fensibility
;g;g{inghbqgl, using dosages similar to those employed in the other

.‘é'&]')cs'of'pits were tested, us follows: (fig. 12) s (1)'1(11 in-
' 1 barracks bag; (2) » trench pit, holding: .
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%{ﬂ«',f W Four types of ground pits used b fumigntion tests: 4, Individond
LAEEDILY B, trench pit; €, Jug-shiiped pitg and B, steaight-walled pit. -

}‘}{ék'sibugs sitddo by side; (3) o jugeshaped pit, holding 4 to
% !}.%8‘; sad (4) n straight-walled ity holding from 20 to 30
A0S The method used in nll fests was to dig a pit of the desived
{Dlnes the hareeks bugs in it, cover the apening, and introdaes
metfiyl bramide from mimponles or I-pound cans. . At the end of
gure period the cover was removed nnd the bags were immedi-
ifted “from the pit for aeration. They were lifted out of the
2¥ pits by means of a hook on the end of a short |lmlq. .
$imponles were broken by crushing the tip end with n pair of
held at nems length benenth, {he cover. The broken ampoules
.dtopped on the tap of the bavracks bags, the arm was :]mck y
I, and the cover was sealed at the point of withdrawal.
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Several types of materials—including duek conted ‘with ethyl velin
lose, walorproof-eanvus tarpaulin, wrapping paper, newspupet. s
lightweight Army raineont, and boards—were nsed Lo cover the opel:

ridge of soil avound the nargin (fig. T4). %0 < ., - .
.. Tho pits weve aJl dug it the Agricultural Resenrel Center, Bolt-
“ville, Ml where the soil §s wsandy clay with sowe gravel, and the
fests wers mnde under varied conditions of wenither and temperatin.
AlL samples- of Touse eggn. were from the Orlando colony. 'The
samples were piaced both within and outside the harrecks bags, with
most of them coneentrated in the upper partiof the pic hecanse the
gas concontration wonld naturally be less in that styatum, Sumples
were nlneed in the conter of bareacks bags, s well us at Joention
outside the bags. - IMifty tests were mude, involving 290 sumiples with
a tatal of 63,115 emmrs, - Almost 20,000 additional cizizs were obsery !
in control sumples, i : T
The vesults, which ave given in tables 812, show that ground - '
are suilable for use in lieu of fumigntion chambers or bugs, at dos: -+
compamble Lo those used in these dovices. On calm days high ns
tality was obtuined in smmnll-mouthed pits without n cover, buf whet
wind movement aceureed it was necessnry to provide n tight cove: -
order to ablain complete niortality, QF the.covers used, canvas (40
1;&11111:}& nud bonrds were the poorest, whereas an army raincoat ot
dnek conted with othy! celluloss wete the hest, Tha'size of the opelt-
g was ilso.n criticul factor, as a fow eggs survived:in all tests in the
. L. LN e T e T

< -ings of the pits. " In.eagh instance the cover-was seunled by placiny .

! Penser:as way .., 4 SR
- with the.demountabla vaults, and " the fumijmnt was empliod 50§

- the pit through a short piece of tubing (fig. L s
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bags were satisfactory. For lots of 12 to 21 bags (table 11) 01

can (262 ee.) was sufficient. For

witlled pit, - (table 12) one J-poun i

Pk (table 12) one J-pound can- did:not pr ¢
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%ﬁlm‘hon was suele that dilution with air was enougl to remove prac-
srrationlly: all haznrd from inhalution,
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faraenl all joints Detween paels was found Lo make the vaults gastight

Y,

f‘é’&‘%‘}ﬁﬂ‘l the minimm amomnt of Tubor.
o) “These vaults were nsedd by Mobile Fumigation and Bath compunies,
Zhnanber of which were aetivatid ns Quitttermastin ynits, .\ com-
Ahitiy was composed of 2 platoons, ench equipped for andependent
ity witl o battery of 3 stemountable vaulis, showers, USRS
a%olks and shelters, wnd capuble of Tundling from 150 to 300 men pev
e, - The platoon was set up for operation beside n source of fvesh
! e : v % ¥ Yt Ao W Wdter fn o wawmer to prevent the mixing of infested with deloused
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) -equipment. were.being fumigated.” By the ¢

a %’;{hlg ﬁ?;ecjlf ghxett?:ll&: ?(’)f Elhel line, theix clothing -tfv"” l'é“clla)%' ff)}l"etll\lol:m
be muintuinedJ s | i .of( ul.wtt}hpn, # coutinuous operation n'u,;,lj
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Pigune 8- : o g
' '"’1{"3?"Eljs{u‘t*fognllnltew nf. fumigntion vaults In operation at 1 pernanent dv
are being unlonde ! I}““ in thiy emotry. Tha two vaults in the hackgrow.
4, the tvo conter aney are belng vontated m'l(';r to untuit

Inz and the two i s g
Lpue anel the t n the foregrommd arve under fumlgntion. (Photo by t ¥

'

w»::}c ?;:ggﬁxa (ijf diinougmble. vaults of the £ype 51,0;‘;,, in ﬁgm.(. i~
“ut bases o ) by the Nuvy for permanent installation where needel
instead of p];?‘?g;flu;iineﬁ f”"‘l“" WPGI fig. 20), but made of stee!
by Tumigntion 8, was procured by the Muring Corps for u=t
udd Ruth e i ol ¢ i :
the Am].{-’f‘ 4 Ruth compnnies modefed after those netivali -

PERMANENT DELOUSING STATIONS -

4\ + " > » .
Sp:ll:nli'll:log.tlltlulll olf' clothipo, plus the applicalion of an insect
spray ot 10 body, hng been selected as the most satisfuctory metiv
o e f!‘(;lll% 3:)111:’??:1'5 of w:[u' nnd personnel reentering the Unte
) ub zones, (o prevent the introducti JEND
‘ u conh 3 Jduction of typln
illug‘lllile!(lllttlc:n L{i:‘f scletctmn wnsl based on the fact that the E{;'Ll‘(’t of
fumnig: eatnient 1s complete when clothing i :
i e X s returned to
\}:lil::c?gt‘?; soldxist at n delousing plant at « port of debarkation:
o complete effect of nn insecticidal powder can be prevente

.

0
_ Flisiemoval,. once louse

Tewentiwood; lined with sheet metal.

PR SR - - RPN ) ) .

: 7 METHYL WROMIDE AS A, DELOUSING AGENT

Ihaleh o ey pa T se w e

s SN R L R po ., eew

i ] “infested person ip, permitteds

S station, - rE o e o T T ..

panent delousing stations, with hourly capacity ratings rang- .

S5m. 160 to 000 men, wers built-at all 1&0f the ports of ambarka- *
.

G debarkution in North America under Avimy supervision.

g rw

AN SHitions were designed by the staff ot the Chief of Lngineare, » »

* 9o uw w.

At

Axiinent: fumigation vaults, of .8 design simdar o tlat of the’
ol Jiminental demountable vault;were built in butteries at cach station
feienit), The walls ave of concrete ox sheet steel with donrs of steel, -
LY OO Several types are illustrated in
"‘tfs,:g?,—%‘ At one port nn~available vacuum-fumigation. plaut
xpindedl .and utilized which .permitted the use of u shorter
we‘:p;:':md., Tundreds of thousands of prisoners of war and
sersonnel have been treated st thess delousing stutions. "+ ..
;delousing station is Ipid out so'as to prevent recontamination.
ﬁ)y:i‘-l‘hi;peysomml to he deloused enter at one point and pro-
through various steps, until they “Jewve, without having: ‘hqd{,

PP

Beintewith persons entering behind them. N LA
Sienosul of the fumigait after the’ fumigation wns completed wis
titre: diffien]t ‘problent in permanent stations than in mobile ficld "
'Q\vjﬂg to thc,accgunulation of fumes from clothing ln.-opgh.t‘into" e
fpfy rooms, »Speceial shake-oul, rooms, with forced ventilation o .
fve, the fumes constantly, were installed, All delotsing stalions-.

Wl ﬁ?fﬁ?e‘pmvisious‘ for keeping the concentration of wethyl bromide
tv :A'.'.- B

gzl helgw 30-ppan.ab all, tindes. , :
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Le-Rormanent fumlgation vaults, with eoncretg wills and ateel doors,
4t n delousing statlon, (Photo by U, S, Signal Corps.)
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7% and Other Fumigants Against the Bedbug!
Gl y Hexry H. Ilic’umﬁsox," USDA, Agr, Res, Adm., Bureau
L o é‘tdamo{agy and Plant Quuranting
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The control of bedbugs Cimez lecfularivs - The fumigations were made by direct
L., is particularly imiportant under war- exposure of the Inscets to the gas either in
lime conditiong, since places where numi- * a 12-liter glass flask by a method previous-
. _bers of people congregate such as soldiers’ ' ly  described (Richardson & Cesanges
.+ barracks and sailors’ quarters are favor- 1942b) or in a 7.%-cubic-foot steel eylinder.
able for the dévelopment of infestations. © Most of the chemieals, including liquid
The likelihood of such infestations in air- . hydrocyeanic acid, were measured under
raid shelters in England was mentioned ~ a hood wilh a micropipelte to which was
_ by Busvine (1941), and more recent, re- : -attached a hypodermic syringe Jubricaled
"~ ports (Great” Britain- Medical Research’  with stopcock grease. Ethylene oxide and
= . Council 1942) have confirmed this predie- . methyl bromide were measured with a gas
< ‘tion. Although the bedbug does not seem’” burette in the flask tests, but the larger
 °.  tohave been definitely incriminated as'a = quantities needed in the steel cylinder
s . disease carrier under natural conditions . were measured in’a cooled, graduated
7. (llegnér et el. 1988), the work of Milzer ' glass cylinder. 7% D
=77 (1942) suggests that it may be an impor- - In the flask tests the inseets and eggs on
: tant vector of lymphocytic choriomenin- . “a small piece of cardboard were placed in
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gitis (Arionymous 194).:- - "+ =+ .~ \" ‘n shallow glass beaker and quickly lowered
:Laboratory. studies héave been made inte the flask after the gas ) d been
of the fumigation efficiency of a num- ~vaporized there. Preliminary tes: . indi-
ber of chemieals, including acrylonitrile " cated that it madelittle difference s helher
(Richardson & Casanges 194¢b), 1,1- -the insects were fumigated in the glass
. dichloro-1-nitroethane (O’Kane & Smith ,“beaker, allowed to crawl directly over the
1941), and * certain chloroncetonitriles_-- floor of the'flask, or placed in the flask and
(Peters -1940), that have recently been: exposed to thelower pressure present dur-

. found toxic té various insccts. Meclhyl . ing gas vaporization.
-. - bromide, ehloropicrin, hydrocyanic acid,” -In the stcel-cylinder tests the insects
.. curbon.disulfide, and 15 other fumigants _ and eggs, on eardhoard, were placed in an
.o~ 'have also been tested. Approximately 150 . organdy-covered Petri dish and exposed
fumigations have been .made in glass .- directly to the fumigant, or the dish was
.- flesks and . in .a “steel ‘eylinder," on ap-_- wrapped in 6 to 8 layers of cotton batting
. .. .proximately ~ 15,000 " eggs and- 30,000, .to indicate penetrative efficiency in col-
.. nymphs and dadults of the bedbug. These ; ton-containing materials such as mat-
. - experiments are discussed in this paper. = tresses. The chemical was injected from
*  MaTeriaLs anp MetHoDs—The bed- & pipette onio o shallow pan at the top of
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bugs were reared in' the laboratory by  the cylinder, where it vaporized. A small
methods described by Woodbury & Barn-'  fan was run at very low speed for the first
hart- (1939) and Campbell et al. (1941),- 10 minutes to distribute the gas, The

. The insects “were kept at 77° F. and .al- * slight increase in pressure due to vaporiza-
" lowedito feed~6nce a’ week on rabbit. - tion was then relieved. With a number of
Eggsup to 4 days old, first- to fifth-stage  the more toxic gases some final iests were
nymphs, and adults approxXimately 4 to 20 made under loaded conditions by placing

. daysold were used ¥u the tests. ~ . - °  abarracks bag containing a25-pound unit,
:.:"*  The ¢hemicals tested are listed in table of clothing and blankets in the cylinder,

" .. 1. Tu general they were 'of the best quality - The barracks bag - contained 2 heavy
' .- obtdinable’cdmmercially, and some \yere" woolen blankets (each ‘weighing about.4 .
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T of CrP grade, R TS B, vz By Cipounds), & heavy overcoat, a suit coBf,"”
S : Ry _ trousers, a blouse, summer and winter
LU 3By poblicatiod aécarded this paper becaust of s ar ° underwear, socks, and shoes. This gaven -
7 etnergency valus. T i8S el e s Tl L (e -1
“’1“}; wiler ckmowledsea”with ibanks Uhe sidulaie of load oti) t_kp[f?roglm%ately 8 Rounds lof c;olt;};éas
. - Maurice Webr during part. of the investizations, and the pro-: . per cubic foot of space. A sample o -
Vumnnlueolonyofﬁcdbu bLy-R. L Canipbell, of Ohio State” ~ 1 - B
e ﬁff‘ laietoatd -3,‘ il ‘bugs was wrappe%y; 8 to 10 Jayers of each
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bianket. One bigﬁkg{,- vas exposc::l dﬁ'ectly’
Lo the fumigant, and the other was packed
in the center .of the-filled-barracks bag,”
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,Hp.tli;l’;et_li'er',?iﬁ
3 trichloroethylene (confirming work - re- .-
> ported by Busvine .1641),  methylallyl -, -

Another sample of bedbugs was ‘wrapped ™~ bromide, and 1-nitropropane. The older °

placed beside the first blanket; "3
All fumigations were made for 5 hours.
at 77°+0.9° F., ‘atrmospheric pressure and -
s relalive humidity of from 50 to 95 per

in 6 to 8 layers ‘of cotton. batting and -

COML, - T e A
Usually about 100 eggs, 50 nymphs in

N

the second to fifth instars, and,$0 adults ...

_were used in each test. First instars were”
included in most of the earlier tests, but:
general they were found 'to bé less resis-"
tani than the older stages. After the fumi-"
gation theinsects were keptin Petri dishes -
at near 77° F..The nymphs and adulis-
were examined-1 and 6 days, and in'some:

their use was discontinued because in™
Y, 4

cases 10 ard 20 ‘days, after fumigation;
The mortality observed on the sixth day-

was used in the final determinations, since’
most of the Loxic action appeared to have.
tnken place by that time."As a precaution,
moribund insects” present st that time

were counted as alive although some of .

them may have died later. Examinations
for egg hatching were made 15 days after -
treatment. Untreated control inscets-angd-
eggs were cliecked at intervals-during the
work, but dfter 6 and:I5 days; respec-
tively, the mortality was generally negligi-
lle and no account’ was taken of -it in
caleulating efficieney, 27s o5 WS G
ErFiciency ny: Grass  Friasks.—nost

T gt

of the chemicals were tested at:three to ,ig:,;,’:gg,ﬁi;;*é?;};,ﬁ'm,c,cmé. '

_six different -concentrations, “although’
: ~ some of the less toxic ones were given only

" ane or two preliminary testsT.From these . -

results the approximate concentrations to
give 85 to 100 per cent kill of the various
siages were roughly determined. The 50
per eenl, or median lethal, concentration

of some of the chemicals was determined, . -

hut inasmuch as it cannof be iised to Tore- .
enst the concentration required- for-65
to 100 per -cent " kill” (Shepard - 1984,
Richardson & Casanges 1942a), the enf-:
"phasis was placed on thelatter concentra:.

lion, which s ‘of " major-impdrtance in’"

practical “control.”*The data" are §im-
marized in table 1, e/ xS L

Tomost of the fumigants; but especiall
to ethylene oxide and ethyl formate; the

eggs were moré susceplible . than ' the i} Tbe

pymphs or adults? On the other hand, the .
eggs were the most rcsﬁ%g& to, dichloro-*

=~

b Pty
£ 47 A

EAT
u -
v‘.'
A N

~gas, theé results being similar to those of

‘nymphs were the most resistant stage to, -
_most fumigants. The active stages were~”

o

-, .

ST, e APEE T RO
- Table ‘1,—~Toxicity of varous chemicals as. -
. fumigants’ against various stages of the bedbug, <
- Five-hour exposures at 77° F, (25* C.) in 12.

- - liter glass Basks, Chemicals listed in approximate .

. order of toxicity to the older nymphs. -
L LTI - Asproxmurs CoNesx- -
©* TRATION TO GIVE 5 7O
160 Prr Cent Kun,

T OMer L
. nymphs_ Adults

Eggs
Mp. My, per
e

w Mo T L e M;pq
£t . * hleres

; Hydrocyanie acid, HCN - - * -7 <0.3
» Acrylonitrile, CHi:CHCN =~ 84 <28 2. -

Chlorscetanitnle, CH,.CICN - < 84 '~ <8 <3 -
. a2-Dichloroethyl ether, & - .o
5 GHLOCHCICH,CL S mg . sg D6t
Acrylonitrile-cackon  tetrachloride: ., - .0~

I 75 6

- <8

£° mixture {121 by volJus
- l,l~chhlnro;‘lJ-mu1.xl ane, | 7|

e EH)CCUNGD, oo
EEAITHSMIS OB | -
- Dichloroscetonitrile, CHCLCON . «
- Trichloroacetonitrile, CCLCN
" Ethylene oxide, {CH:)/0 -
1-Nitropropane, C:HiCH.NOP
o-DichloroLenzene, CH/Cl * .
. Methylaliyl chloride ($-chloro-2- -
i lnclb,\'lnn}?cne»l). L . S
T CHyC{CH)CH,C : 25-30 . <23 <2,
thyl formale, HCOOC H; ;¢ 8530 <25
- 1-Nitrobutaue, C.g-C!l;NO.' . - : :
Nitroethane, CR,CH, Nos - -
Ethylene oxide.cthylene dichloride
> mixture (1:8 by vol.j} - .
“Tetrachloroethane-trichlorethylene ., -
« - mixture (131 by volpd, ©
sym-Tetrachlorocthane, - .
CHCLC

Ci . 88
Methylall] hromide Glromet. L ;.
. 8&: gﬁpmpcpevl) 2CCH) L 1

. —

S

-

$7.6 <30 .- 50

>50.. 550 >0
'S80 o . ss0't
S0 S0 B30
550 S0 - S50

Eibylene dichlaride-carbon
»* _ chloride mixture (3:1 by vol
" Carbon Letrachlaride, CCla .
Trichloroethylene, clt Cl:CCly

tetra.
L)t

? 1Figurex g'ven are for the combined weight of both chesnicals,
- +0n the basis of aceylonitrile only, the Sgurea would be 2.5,
2.5-%, and 2 mig. pee Jiter, .

* 1 Subjected 10 preliminary testa only. - .

. 48l 'inly smore toxic than tetrachloruelbane on the busis of -
1c! uﬁlomethane content only, et

generally used between 4 and 8 days after -
- feeding, as it was found, with chloropicrin,
“that recently fed insects were less resistant
_~—similur to the findings of Mayer (1934),
"Busvine (1938), and Gough (1940) with

some other fumigants. . " -3, .
- Hydrocyanic acid was -the most toxic

_Gundcrson & Strand -(1989) and others.
IR A
L N R
fact that the young, and prolebly mare resistant, egga

were used in the tests ol;ouﬁ also be considered, Gough (1040) .
:“Jound young egps to be mare reaiatant than older eges to sulfur
‘dioxide lumigation, and thls probably holds true fur most
Cfumignnts, , ) St
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Acrylonitrile, which . nad previously
been found very toxic to the confused
flonr beetle (Tribolium confusum Duv.)
(Richardsou & Casanges 1942b), was
the next most toxic chemical. It had a
slightly delayed aclion against the bedbug
similar to that noted against the flour
beetle. That is,” bedbugs exposed to a
killing dosage might appear to be affected
slightly or not at all at the end of the
fumigation, but all would be dead by the

next day. Acrylonitrile is a colorless liquid

with 2 boiling point of 78°-78° C., near
that of ethylenc dichloride, and is used in

the synthesis of artificial rubber. Ithasa .

disadvantage in being somewhat flamma-
ble, but this can be overcome by mixing it
with an equal volume of carbon letra-
chloride, The addition of: carbon tetra-
chloride; also appeared to increase the
toxicity,’ although this  compound ap-
parently fwas nontoxic at these concentra-
tions. For example, in six paired tests with
bedbug nymphs at various concentrations,
but with each pair having the same dosage
of acrylonitrile, the percentage mortalities
were as follows: i
N ) Am’lcniirile—éxfbon ‘
Acrylopitrile - tetrachloride
0 . .. 40 .~

87
a8
98

. 8B
NS T

Inasmuch as carbbnjet.réciﬂoride prob-.

ably acts also as a carrier to give gas dis-
tribution, as it does with other fumiganis

(Farrar & Flint 1942), its_addition has

several advaptages, . .

The action of acrylonitrile on warm-
biooded animals, according to Dudley &
Neal (1942), is like that of a typical nitrile.
Cleavage of the molecule probably oceurs
10 produce hydrogen ¢yanide. They found
dogs to be much more susceptible than
guinea pigs, the mifimum fatal dosage in
o 4-hour exposure being near €.24 mg. per
liter for the former and 1.88 my. for the
latter, Dudley, Sweeney, & -Miller
(1942) obtained no definite evidence of
cumulative action in repeatéd exposures

- to low concentrations (50 to 150 p.p.m.).

In an addendum to their paper Neal &
Van Oettinger siate that acrylonitrile
and hydrogen cyanide seem to be of a very
similar order of toxicily to warm-blooded
animals on the basis of cyanide content.

. !

" Vol. 36, No. 8

TUntil further information is galhered,
they propose a maximum permissible con-
centration of 20 p.p.n. (6.043 mg. per
liter) for acrylonitrile in an 8-hour ex-
posure. This compares with the present
accepted figure for hydrocyanic acid of
20 p.p.m., or 0.02 mg. per liter.
Chloroacetonitrile and the di- and iri-

chloroacetonitrile are sneeze-lype, non-

flainmable gases, recommended in Ger-
many (Peters 1940) for control of bedbugs
and other insects. Although chloroacetoni-
trile appeared to be the most loxic and
was sipilar in toxicily to acrylonitrile, as
was found with the flour beetle (Richard-
son & Casanges 1942}, it had the dis-
advantage of being slow Lo vaporize.
Prichloroacetonitrile, the least loxic of
the three, appeared to have some delayed
killing action between the sixth and tenth
‘days after fumigation. Busbey e al.
(1942) have recently found trichloro-
acetonitrile, Lo be more Ltoxic than methyl
‘bromide_to the California red scale.

_ ﬂ'_'_Q]ﬁ opierin, which Shé\\‘émﬁﬁl?‘.tﬁ‘ﬂé?

¥, hiasbeen reported a8 beiig much less

) E)kf(’:"’to“t_he’_éggs than toithé nymphs.or

_ adults(Bertrand, el al. 1818, Gunderson &
Strand 1939, Peters 1939). The present
data confirm the toxicity figures of Gun-
derson & Strand for the nymphs and
adults, as well as being ncar though
slightly higher than those of Sherrard
(1942), but they show the eggs to be much
more susceptible. In paired Less al various
dosages the mortalities for older nymphs
were 40, 45, 51, 55, 58, 60, and 65 per cent
compared with 100 per cent kill of the
eggs in all the lesls except one, where it
was 94. The higher toxicity to the eggs
was also noted in other tests. Against the
nymphs and adults chloropierin appeared
to have some delayed killing aetion from
the sixth to ienth day after fumigalion,

a,B-Dichloroethyl ether was among the
more toxic chemicals, but it vaporized
very slowly. It may be worth detailed
study in some phase of bedbug control,
such as in spraying vacant houses or
houses that are 1o be demolished.

- Ethylene oxide was not found so ioxie
to nymphs and adults as reported by
Gunderson & Strand (1939), but the
toxicity figures were near those of Busvine
(1988). The concentration needed for kill-
ing the eggs was only about one-seventh,
or less, that nceded to kill the older

. nymphs, these results being similar to
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those of ).I{tyi:r (1994) fmd_ﬁu‘é'\"in.é (1988) flour beetle, The addition of carbon tetra-
The addition of cthylene, dichloride to chloride did not appear to increase its
cthylene oxide in a proprietary mixture” efficiency. Carbon tetrachloride alone was

"appeared to increase its efficiency slightly’ _ also among the least toxic chermicals

when compared on the basis of equal tested. . .= -
dosnges of cthylene oxide. Ethylene di-:" FusmigaTioN EFFICIENCY IN AN Un-.
chloride alone appeared to. have little f rzoapep Sreen Cyurvper.—Most of the
any toxic effect at these concentrations.”* chemicals found to havethe highcst toxic-
1-Nitropropane scemed to be about as - ity.in the flask Lests were tested three to
effeclive against the bedbug as against.” five times in the unloaded steel eylinder
the flour beetle (Richardson ef al. 1948). together with two orgundy-covered Tetri
Preliminary tests with I-nitrobutane and - dishes containing insects, one being
nitroethane indicated them to beless toxie  wrapped in 6 to S Jayers of cotton batting,
in that order, the results differing from In general, the gases tesled had no dif-
those with the flourbeetle, - <~ - #~,- - * ficully in penetrating the cotton. For ex-
o-Dichlorobenzene appeared to be simi-:. ample, in five paired tests with various
lar in Loxicity to 1-nitro-propane. Bedbugs' ‘dosages of acrylonitrile and four with
fumigated with o-dichlorobenzene became’  chloropicrin the percentage mortalities
very aciive and appeared to be much ir-. of the older nymphs were as follows:
ritated. It is important to note, however, = °.-°. . .
in a report of an English commitiee on',. . Acrylonilrile {I}_l,ﬁ'_’cinjog}fi;’x_@? .
bedbug infestation (Cameron 1942), that .- N;’mpel:f I\T.Vmphi N}'“lplzis _)'mphg :
o-dichlorobenzene was rejected as @ bed-  GIGT Noolon  direelly in cotion
bug fumigant or spray because of its @ 449 "o o1 a8
danger from the health standpoint. 100 - 100 03 84
‘Melhylallyl chloride, which has been ., 97 90 60 6
recommended as a fumigant in Europe o = 98 45 58
(Bricjér 1988, 1939), was among the less - 18- 257
toxic compounds. The closely: related: - . .
compound, methylallyl. bromide was less Similar results were obtained with
toxic, cong‘rary to resulls with-the flour _chloroacetonitrile, methyl bromide, 1,1-
beetle  -F 7 v Tusoen T dichloro-1-nitroethane, di- and tri-chloro-
Tetrachloroethane was among the less acetonitrile, ethyleneoxideand its mixture
toxic materials, although more toxic than . with ethylene dichloride, and ethyl
the closely related compound,ethylene.. foriate. .

dichloride. It vaporized very slowly at® Ta the ease of zerylonitrile, chloropicrin, -

room temperature. A mixture, of tetra- . 1,1-dichloro-l-nitroethane, and methyl
chloroethane. and trichloroethylene . has” bromide, the concentrations required for
been patented. by Balazs-(1989) for use 95 to 100 per cent kill in the unloaded steel
against bedbugs. In the present work a- eylinder were approxinately the same
1:1 mixture (by -vol.) gave 98,-100, and as those found necessary in the glass flnsks,
100 per cent kill of nymphs, adults, and” With hydroeyanic acid, chioroacetonitrile,
epgs, respeetively, compared with 71, 100, di- and tri-chloroacctonitrile, ethylene
and 100 per cent given by  tetrachloro- oxide-cthylene dichloride misture, and
othane tested at the same tetrichloro- ethyl formate, however, somewhat higher
cthane dosage (30 mg..pet liter). Tri-+ concentrations were required in the steel
chloroethylene ‘alone-ut about .the same cylinder, The reason for this is not known
dosage had little if any killing action, but_  at this time.
it did have an unusual anesthetic action, - - Fumearion EFFICIENCY IN A LoADED
for all the insects appeared paralyzed st STeeL CYLINDER~—Some of the more
the end of fumigation but were completely , toxic fumigants were given preliminary
recovered by the next day 78x ¢% "o .0 7 tests in the henvily loaded steel cylinder
Ethylene dichloride was relatively low ' (8 pounds of clothing per cubic foot of

in toxicity. Preliminary tests.indicated space) to determine the penetrative powers - .

that it had some delayed killing action into cotion batting and woolen blankets
between the-sixth and tiwentieth days . exposed directly to the gas or packed in
after fumigation, but by no means to the the center of a bag of clothing. A uniform

extent it had in previous worklagainst'the;? dosage of 20 mg. per liter (20 ounces per
. e T W s e T e e . K
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1,000 cubic feet) wassed. Th
shownintable @, . 27 o2 TR nTh
. The mortality figures indicate that the.
woolen blunket placed in the center of &
bag of clothes furnished the most difficuit
test of penetration: =% e FIVE Oy g

These and other tests ‘at dosages of 16
and- 18 mg. 'per liter indicate ‘methyl
bromide and chloropicrin to be the most
ceficient chemicals” under the "heavily
loaded test conditions, They were used
at only about £ and 3 times, respectively,
the dosages required to kill'in an empty
flask or cylinder. On the ‘other hand,

L

[

s Are

- e

6r .+ Vol 56, No.§

aew

- pr‘ofﬁeri);.‘ Its vapor is very heavy (sp. gr.

oo 405, alr=1). -

- .- Ethylene oxide was near chloroacetoni-
“trile in efficiency against nymphs,
« In a further test at 18 mg. per liter
. methy] bromide and chloropicrin seemed
to be very close in efficiency. The mortali-
ties of older nymphs caused by mnethyl
‘bromide were 98.6, 94.7, and 100 per cent
_ in cotton, blanket, and blanket in clothes,
respectively, compared with 100, 100, and
98 per cent for chloropicrin. Both gases
are -practically nonflamiable. Chloro-
pierin has sirong warning properties and

Table 2.—:E{ﬁ'6ii§ﬁc1y_;o.f?s“é'v-cx-a‘.l}um.lgaly!tﬁ néainst bedbugs wrapped in varjous materials to test for
penetrative powers under heavily loaded conditions, Dosage, 20 mg. per liter. Five-hour exposures at

77° F, and normal atmospheric pressure.. “: .

. -,:I’}:ncmr.wn MORTALITY OF DEBELYS WRAPPED IN—

e e e a s
-, CRACERN

~‘¢ i I}gtton_Bnttjng ) .

PR

Woolen Blunket in

’ ;“'oolen Blanket Barracks Bag

e

- 01 er - s
. nymphs Adults

T Older -

- " Older :
_nymphs Adults Eggs " nymphs Adulls Eggs

[ T T - ey
Mothylhromids 100 T- U100
Chlohdpenin™ -~ 100 - : 100 -
Hydrocymnieacid .. - 100-"-. 100 .
Acrylonitrile-carbon tetra- - > 7 00

" chlorideé mixture {1:1 by "« "~ -7

vol -f° o 1000 100w

Trichloroacetonitrile. -~ .- 04.5 » 97.5
1,1-Dichlaro-1-nitrocthane .. 76.6. 7.5
Ethylenepxide .- .. "> 7 87,7 >, ——ir-
Chloroacelonitrile | . 30.6°. 75

100 100
100 100
100

100
100
100

00 100 100
00 100 100
61.8 90.7 100
8 100 100 20 25
7100 100 84 -80.4
97.9  84.8 S1.5 07.4
_ = 24.2 —
7.9 ~ 14.8 14

' . LR T I ST
e 308 E N s

~

B R TR Mg .'r‘;’.\ o . o
hydrocyanic 2cid at 207t0 80 times the . appeared to have little if any effcet on

" killing dosage gave_irregular results and
“appenred stightly *léss ;efficient. - Acrylo-

dosage to give 20 mg. of acryloaitrile per
Jiter, or sbout™8 to 10 times the killing:
- "dosage, was next in efficiency, followed
cosely by trichloroacelonitrile ‘and 1,1-
_dichloro-l-nitroethane,. .- "ol L
Trichlorodcetonitrilé’
its kiliing dosage gave much higher effi-
ciency then chloréacétonitrile vsed at 5 to
6 times its killing dosage. It is & colorless
_liguid with’ & boiling point of 85° C, Its

“gas is nonflammable.. It derated: rapidly
. from. clothing ut thé temiperature:tested. fumigations were made at 77°40.9° .
= and might, ‘well be'considered Tor further : with approximately 15,000 eggs and 80,006
- study.- Peters'3(1940) “states” that it bias :

about the’same toxicity! to warm-blooded ™

at les§ than twice

fumigated clothes, but its relatively low

) ‘ 5. ef > vapor pressure might restrict its efficiency
_ nitrilecarbon tetrachioride mixture at a' -at-lower temperatures. Methyl bromide

“has a high vapor pressure aud it appeared
to have little cficct on the clothes or
leather shoes under the test ronditions
maintained., L :
Summany.~Twenty-six chemicals or
mixtures were tested as fumigants against
“the eggs, nymphs, and adults of the bed-
- bug (Cimez lectularius 1..) in 12-liter glass
flasks; some of the more toxic chemicals
were also tested in a 7.7-cubie-fout steel
cylinder, Approximately 150 five-hour

‘nymphs and adults. .
*"In the fumigations in empty glass flasks

‘animals as ethylene oxidé end methylilyl | hydroeyanic acid was the most toxic gus.

~chloride, but” there”is’ little” danger -of.

poisoning because -of its® gi-:éatz _is'airning_
AU PG LAY o

‘Tt was followed by acrylonitrile and its
- mixture with carbon tetrachloride, eliloro-
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June 1948 RICHARDSON: FOMIGANTS For BEDRUGS

acetonitrile, chloropicrin, and dichloro-
vihyl cther. Shightly Jess toxie in Lhe de-
seending order were 1,1-dichloro-1-nitro-
cthane, methyl bromide, di- and tri-
chloroacetonitrile, and ethylence oxide.

The addition of earben tetrachloride to -

acrylonitrile (1:1 by vol.) to produce a
nenflammable mixture also gave inereased
efficiency - . . . )

Chloropicrin was more effective against
the eggs than against the older nymphs
and adults, . . - : -

The second to fifth instars were gener-
ally the most resitant and the eggs the
Jeast resistant, This relationship varied
with some chemicals, the egg being most
resistant to dichloroethyl ether and tri-
chloroethylene. The egg was much more
susceplible to cthylene oxide. Trichloro-
ethylene had an anaesthetic action against
the active stages. " .- "

3

In tests with the more toxic materials
in an unloaded sleel eylinder the efficiency
was just as greal against insceets protected
by cotton batting as against those exposed
directly to the gas.

In a loaded steel cylinder methyl bro-
mide and chloropicrin were the most ef-
ficient gases when used at a dosage of 16
1o 20 mg. per liter (16 to 20 ounces per
1000 cubic feet) against bedbugs wrapped
in ‘cotton batting or in woolen blankets
exposed directly to the gus, or packed in
the center- of a 25-pound barracks bag
(3 pounds of clothing per cubic foot of
cyhinder space). Hydroeyanic acid ap-.
peared slightly less effective, followed by
acrvlonitrile-carbon tetrachloride wmix-
ture, trichloroacetonitrile, 1,1-dichloro-1- -
nitroethane, ethylene oxide, and chloro-
acetonitrile, listed in the approximate
order of descending efficiency.—4-5-43.
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Riﬁhﬂf?m, Hl')eﬂr}’ ISIE:")N‘S ﬁ\.GH. Casanges, 1942a. Studies of nicotine as na inseet fumigant. Jovy . minimum unnber
JcoN. ENT. 35(2): 242-6. .
Richardson, Henry H., and A. H. Casanges. 19420, Toxicily of acrylouitrile, chlorancel anitrile, ethyl. sire aceurate resy
ene dichloride, and other fumigants Lo the canfused dour beetle. Jour. Ecox. Ear.35(5): 6615 tion. In the pres
Richardson, Henry H., Milton 8. Scheehler, and M. L. Haller, 1933, Coxicity of some nilroparalfins . pairs, psually 20, »
ta the confused flour beetle, Jour. Ecoxn, Exr. 36(1): 111, . Tue Discovew
| p .. P . . e ' \ i, A .
Shcpardé;g;'ﬁ. 1884, Relative toxicity al high percentages of insecl mortality, Nalure 134(33%1 . for insecl lul'(_:s‘lb ~
Sherrard, G. C. 1942. Five fumigants for disinfestalion of bedding and clothing: A comparative stwly stack proposilion,
of inseclicidnl properties. U. S, Health Serv. Rpts. 57(20): 753-9. ’ of the discovery
Woodbury, E. N., and C. S. Barnhart. 1939, Tests on crawling insevts. Tentative methods for evalunt- R airong melon “'\. ]
ing liquid household insecticides ngainst the German cockroach and the bedbug. Soup 159 ST Since the melon

93-107, 113. eentrate on the b
orchid, Denbrobin
was focused on ik
‘ experiments, in
Linsecd O1il Soap—A New Lure for the Melon Fly enged flies to hlos
AL McePuau, U.S.D.A., Ayr. Res. Adm., Burcau of _ biuss_omf “’138 0}{5(‘
BAR IR Aty U 0od., Agr. 1es, .
Entomology and P‘l)ant Quarantine. - ;;ELL;LIIOIICJ;. i?:p::tl
Fruitfly lures are frequently used in  and is usually referred Lo as the “reversel.  §- - lo‘;‘[:d{},e first expe
scouting for flics in the field oras a means  pairs methad.” Tt has been extensively  £.1 wore suspended
of following the progress of field investiga-  investignled stalistically, first by Donall ¢ cent! linseed oil
tions. Consegnently one of the projects of  F. Starr at the Mexico City laboratony ¥ [ piust traps con
the Burcau of Entemology and Plant and more recently by Kam Hu Lav and  §- - w'ilich in these ox
Quarantine includes a search for more the writer at the Honolulu laboratory. 4 £+ gy grains of casci
powerful lures, This paper records the dis-  the name implies, the method consistsin - § -y, vdroxide, and 11
covery of the melon fly lure linseed oil  pairing control and lest traps (usu:tlly 1 ¥ wis ad(leé Lo iner
soap, experiments to identify the attrac-  feet apart) with reversalof position duripy £ - ity of the waler iu
tive component of the new lure, and some  # second exposure, These traps are il § . eaptured flies wou
altempts to control the melon fiy (Dacus  lustrated in figure 1. ‘o 'Phe results, whick
cucurbitae {Coq.)) with the lure, Some uniformity data by this niethat &+ 0o0sted the pres
3 are recorded in table 3. Tn cach of these for male flies in the
tests 30 pairs of iraps were baited withthe § - ing in this respect
same lure. One member of each pair way ¥ - seriments, bul Ui
designaled the control trap and the other  §- . ’trucliOll for fems
the test trap. The ratios obtained inclndy ¥, - LeAps.
a maximum error of 16 per cent, The ¥ '

Table 1.—Uniformity data oblsined by the & .. - Table2.—Caseinli
reversed-pairs method of experimental trapping.  § - . ponded in traps ove
= - sonp solution.

Nomper or Pries - =

R Cauvuny -
& ’:'{:;5‘?5‘3(,*}'3; g 5 ——— --»"" Rl 4 Tl.vnn
et e ‘I'ksr Control Test Covtay,
RIS Ne. traps traps Fenr :
e g : .. —_—— : -
AT . ) 2,023 36 o oo
2,207 - 0.5 S Caein

Fig, 1.—Glass irap used for Lesling lures for the “;“:ig} ‘T ::';*"‘ < (hruhurd blossoms

melon fly. Pholograph by R. I, Marlowe. 1 618 g+

ExperiMeERTAL Trarpmng TrcuniQue. }’gfsi ! 0.0% In a second expe
~—To compare the response of the melon 1,502 ! E 1raet of orchid bl

fly to various materials in the field, Ripley 1,326 5 T (,2 per cent linsec

and Hepburn’s *‘method 2" was em- 2,150 2, 1o o pun agoinst casein,

ployed .t This method is now stundard in ivg'g . These results i
-~ ks

the Bureau’s fruitfly lure investigations, ‘ 1718 : e F.o o zeeie:
. s g 3 ' indicafed strength
1 Ripley. L. B., and Hepburn, G, A. Sludirs on reactions of 1,447 iy £ ¢ TTe indicalt :
lhe.\'lnpt:i’n_'u‘\bﬂ\' t‘:’ Iu:neeglin?jmiu.s‘:.:\h’i‘;: (l')epl?cAgr. and 1,312 ) J""\%llgs: '?f,:z'f'::"l',i
Foreatry, Ent, Mew. 6; 1953, illus, 1029, E o 1550101030,
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METHYL BROMIDE AS A RODENTICIDE

By C. E. Benry, Distriet Supervivor of Rodent and Weed Cuontrol,
State Department of Agriculture, Sneramento

N ADDITION 1o the damawe which they do to ugriculture, sever,
species of vodents in Californin harbor diseases transmissible 1.
humans,  Tieks, and fleas or cortain other inseets, may serve i
earriers of these diseuses fram rodent fo human, In rodent control worl

metheds have een employed wherveby the rodents have been killw
bt not nlways the inseets huthored by them,

Bre, 1, 2-Uloba valves with mensuring devies betweon—
ariginad wpplicntor, :

‘The vesults of experiments with methyl bromide in the cantrol +
insects by fumigation, conducted by the Entomelogical Service of the
California State Department of Agrieulture, led to the belief that this
material had double purpose nossibilities in rodent control work, and
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174 MWULLETIN =-DEPARTMENT OF AGRICULTURE

n period of a little over a year, tests have been made under diffevent
temperatures, types of soil, both dry and wet, and in different paris
of the Srate, to ascertain whether these possibilities would work oyt
in field practice,

Alethyl bromide hevetofore lias heen nsed mainly in the maun
fucture of unaling dyes, and in some Buropean countries as a fime
extinguisher, 1t is non-inflammable, colorless and practically odovless.
It weighs 144 pounds per gallon with & specifie gravity of 1.732.
The boiling point is about 40,1 degrees Fahpenheit. At ordinary tem.
Juvatures methyl browmide is u gas, SHEpouNdof T HICH 000UPISIIISR
Pubie fast and is approximately 3} tines heavier than air, Onessotfd
whinidamansupsaRi2eaubiosentimetarses ‘ '

The first tests by the department with this material for rodeut
vontrol purposes were started in Yolo County on November 20, 1036,
The soil was of a.ulay formation, werpwdwe and cracked. Grouud
squirrels were very active for the season of year. Temperature at
time of application Wus“GFwdogrees. The applicator consisted of &
small steel eylinder With o measuving deviee between two (lobe valves,
(Fig. 1). This applicator was typical of deviees whieh had been nsed
io field trials with a vaviety of fumigants by the field representatives
of the U. S, Burenu of Bivlogical Survey and in cooperation with tlwe
Department,

Five hundred and six (506) ground squirrel burrows in Yolu'
Loty were treated, and of these all but 60 were closed by filling
with soil,  Picks were used tn provide loose dirt where the eronnd
wus too harl for shovels,  Vilty-six and three guarter (5694) Buund.s
ol materinl were used, PErEompa Qe DAr=UUrTiWIshenine  On the
second day alter trentment the unovered burrows 3RoWed 2 aetive
sytirrels, und no squitvels where the burrows were closed. The
openvd burrows wore etventod sl elosed. I8 Guimeei=hd 1,
affected skunk were found at the entrance of two partly opencd
burraws on the fiftly dny. ‘e skunk died one hour after being founl.
The plol was chieeked daily until the raing of Dee. 12 and no holes
were tfound open,  On ‘Dcc. 17, 5 burrows were found opened, all
:.ppnnmg{x_jlujlmw_gwltlt:. and at the enteance of two of the burrowa

were ZetoRmmipdlss There were no signs of any ground squirred

uetivity elsewheve on the plot, although these rodents were active ju
nd joining fields,

Five plots wepe trealed vast of Delano in Kern County during:
the period Tram Dee B 1o b, using the same applietor, 'J‘cuqmrs,mm:s
viried hetweey QRTINSO frdegrees Mahrenheit. A 4-loot 1%
il copper fubiug witd wsed us 0 eenpeetion bol ween the :lpplivuu"}
atl the biveraws,  Thie Soil hore consisted of wmulssndzalag and wi-
#‘-Ej'l,\‘.xtﬁ', w o Five Impidead firty-tuue (30:4) birrows were treated, using
oy powisds of wethy! bromide, or an avepace of @25 ]m&uiﬁu-nui?
spimirtee. Diienlty WON encountered when the tenperature dropped
W S dewrens oo elows T materiad would freeze aind plux np
the tubing, Wien jhe vulside tanpeesiinee approaehed 30 dogrons 1°
the exlindors worn heated o tab ol water, and althouch the LD
would Lreeze us soon Bs it veachod the grotnd, excellent results weve
obtained.  Over u period of 8 days’ cheeking, oo v e

Sepuirrel e G HRCIERED WG in QeI was YoImAS e T colonye.,
- e s L S

auneertainty as to the dosage.
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By this time it beeame appavent that a more satisfactory appli
‘eator would have to be perfected. There secmped Little donbt as to the

o L » . + D .
T'valne of methyl bromide as a rodenticide, sipee®its yohtile charavter
o under ordinary temperatnres gave adequaly prpssare te faree the

g

“'material either in the liquid or gnascous fornesetarthe interatieas of the

g L et

REagupy

b N
2 e

B 3o Macklptturtee Applleatoy

Field Tasts in San Joaquin Caunty

-‘ibf_ Lt thesn tests the ordglond appleatm was diwed  Op Lo ot LR, 60 fiane

\t- southwest of Stockron, colonios wera treiled as fo’liws. (1) Thiee BUrrows wnees

L3 syuiprels were seen (o enter, () A iwlopy of T obats ssn aheat 26 oot fomng U

S frst colony.,  Approximately 130 e, of eyl omith, i bl 2k

H: wern used tn these, g 2 pnt, withh gUtaele Do valire W degrecs B AR
- outlets wera closed. .

Cm Jan, 2t, the holes (p the ahove valonios wore d e tal ] the hiatvows
codugr oul with the Wae of six nen T o trincaent Gunl o B veed Tor thitoush the
c COupieration of the county agricititurdl soetomtesian e Ab bade W W I'u'l'l:!

AU Plueged wills Straw snd SHeL At averde sleoth ol 23 oot sech pldg avepasiog ©
Ju-Toct Tong and about 33 ot frum MO of buirav. G te gk W eulini

I i word found, each Iinoa repieate eele Aludid 2ol b feant of eidvh lest
A there wan n plug approximntely 2 feel lome  "Thews of thess squiirels Were fetiud
it In a natural position, as though retaxed nnd asleep.  One was found in o pasition
gt denoting hbernatlon, Al squirrels showed ¥gpd of frothing at tha mouth, and A
-2_»;. greenish liQuld excrement or feces was noted.  ‘Tha nests weara ut in average dopth
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of 33 fesl. Three mldl(limml nestx were unoveuplad. No foad enches were fonun ! qt.was 'il!\l‘r'):‘gl:‘lgml:" tnish the tigging on aceount wfathe fpth 26 The tfinelsSndd
inany o 'S, ) 'O, dthe rocky lorhu - : N . il sunirred " o
R ’s““‘,rﬂ(‘,: h,:"("fﬁ:.s ;202:,0‘:.%‘1'; "fg"{h:'}(’if“‘g?g:ﬂd ,E;,‘,‘k},‘t‘:).§°"m’;3"t}}fr‘t§ ‘f,‘? a‘,‘;";,‘.t;, '(_;;m Reports from Dr. M, A; h!l!\\'lqulnl‘l l‘u.-\'i.x, m! \)lu:ll:t";‘l:‘.l\l suyuirvels fram (M
material, pardeularly of the fine purticles in the bottom of (i nest, wera talen by wid ‘and Plot 3 were sent, Indlepted no Hve flei ar Thay w . '
;?:A’B'I\h({t.ﬂ?uiwnﬁt oh(mti.hﬁevnlvﬂrsl}y o(h Cnlitor:gz\na}_l?:\\:lu toﬁc&em}ln&ﬂffél:l!n . \ mew ap e s mpne ya s (T
Mve 18 TE Heh Hireno ekt Yount marickot ST hiEENs aRd I B 30 Tn, the meanwhile, D. B. Mackie and AV B -Cartdlr AE The Eniaimo} 2
)'le, iﬁﬁ{,"&;’«'{,‘;gwgﬁgjgg,\;;g s»'q»'»‘—"—"m:'---é"‘” the. second or 7-hole ol ~ ".‘)ﬁjﬁgical Service of the Department developed and construnted g nes§
- X 3 T Wt cantinted on the seeond or 7-hole oolopy. o e . . z Ie, A IR Y 1 A o -
.slq[bxr?ur}ul squlrrals, elther ‘dead or nﬁv‘é,lwer]a’ found. It developed thit thézgi;? tive .astype ol applicator designed fo wive a measived dosage of methyl
rolonies were connecle ¢ ngE two erent o Nl T ! " s is ti indie:
e e ettt ey Qne tunnol, which was pligged off In two diffaren: gl}é‘];romlde. (Fig. 8). The results up to this thne had indicated_thal.y

lnented n colony In the same fleld whero § squirrels were observed entering, il A2 e PRV K Y. SCID nd a standerd of 310"-6.'@?2' 01
thin wis treated with methyl bromide: glosing n1i 0t the 76 holes, uwing ARDEOXINALAIY Susmaller,dosages avonld-probably.serxe..a RN ;

W Y Jder hole, The torpmm uf:f?%aom;waoraosmen-ﬁw'amaa Aren tccl.vm-ea by the : 'gn:ox_s';.‘q_gg& g, was dcqmédy.‘pxopegy ’l‘hc] new nm)hq:tm” way l'
0 E at W ne el ect at tha other, nn eat long, ' i ¥ Mt 3 Tl Te andd ik TILC rmit "oni s
rene O argus f o Bofdy 6 b nEof efory Wt Mntowotin 81 a4 ML EAEEE S oo o ltow (1) the Tiquid to entor fhe

4 H cot wide, an cet long adincent to ¢ 40-font ANy 'n, th g ¢ 4 v 3
#lda of the colony, Twelve translent Juhorers wera itsed, 5ix on the trench slda and ""‘“up and down. throw o ¢

slx on the ““1‘&°"‘°i13§&‘.°§2.“\“““' A very intricate rydtein ot burrows way found on  Wsflensuring gauge clm\mbnr, (b) divest the 1nonsnrtm;; glango{ cht:ptlil;or
1ch alde. 1, vere n eptli o to et In ona system, with A . oy v nes *10sC(l posiion
another wet helnw & dort of ,mdmfn";o“”m N doﬁm of 33 to § foot. Noats wers ﬁggﬁ its chargg and (c¢) restove the valve openings to a closed po .

tound 'n baoth nnlmnshwhlch were connacted In many places. Vlugped vunsvays hortly after the development of the above upplicater, one of the

ware found mainly in the upper gys The aystem on tha porth end was shallow i : : . e ¢ i P, 4
T at e e e e e I e ) Faa dlstnnce oF Abowi oncerns distributing methyl bromide developed an applicator (Fig. 4)
10 feat. Givewdondesquirrelie(d<fomalosanndeinmale). wera found at dngths of 2% ;
to 4 feet. Tha fernnles Wers found in or near the nesin and the male {n the runway
near the entritnce. Two of the females were plugged In; the male wis not. TR R
Diggine was continuod the next day, January 26, and.twacdendusquinnelzeore £ -¥,{»§~r,~§';34““;¥.?
found, 1 male and 1 female. The mnale wag In & neat in the hibornnting stnge,nnd j,) Jq:f,dr{ 4
wan ?lugxcd off from the main runway far about 2 fect with dry sofl and straw, ; ~‘agg§‘*a,
The female was found {n the runway just outslde a nest. Y

P vl
AR

* . ‘ ] . . Lok "t:_;g\_l.slggﬁ_ :
Merced County Field Teosts ' : ) o B
In making cXcuvalI'ons in Merced County, through the canperatlon of the :
agricultural commiasloner's offlen,” men were made avallable efther from the com- A IR : ;
missloner's staff or from & Nalional Youth Administration (N.Y.A,) project operat- e URAR (IR Bt SR gC 10, I . 14
ing under the sponsorship of the commirsianer’s office, NI TN IR RTATL R e B
Plot 1. Two miles went, 1 mila north of 15 Nido. Peh, 16, 1237, 2 pm.  Tetti- BIie) AT W= Sl 10 7
et { perature M‘dcxroeathﬁl“ﬂoﬁsnzgna ool o8 olnchap «doep,  Four burrnws were 9 ; R
trented wlth\eo;;.cmii!}mmmnxmnu)mﬁ.: 3-wauiTrels were observed hefors tremtment.
) All of_the hurrow entrances woro clased by (Hling with sarth,
1% eh. 17 dlgging started at 1 pan., Al hslas unopenad: 2 were Plugged nhend R o] WA ;.
2} feet from opening,  Hnardpnn wis found from 23 to a 4 oot depth, Two nests & o ; CATE, 8 ot TEAY N Suuirtels deaad from
were faund at a 23 foot depth on top of hardpan, Qwmdapdenguisngls 1 male nnd R ot idaad el M. f. Sy ol roners
1 female, were found In onen runway, hoth in mormal positions, 3 SR ) T IAN Ao R el "}?&hf-lnmllom ‘Smi"?né‘u‘i‘&'i«.
Plot 2, Same ranch and temperature as Plot 1, Foh 16, Seven holes were F A TR R L f $ VS VARG ST S : niy 1y "
treated at 3316 pom. Ntlmgogu{.uﬁbrqulw: il holex claned, No aquirrsls nhuervert, ; g , "
s .

ey ‘.’:r;‘va.:
SRS O

A ¥
G

v

nlthoush surface of bUrrows ghowed tresh worling, i ot 78 : : ‘ Snvinles st
Feh. 17 nil holes wora stl olnsed. Digaing atarted at 11116 aim, A complete B e g At X Lhed NN hased upon principles sim-
parallel to Lhe uppetesyatem. Two old plugs warn found near the nesty, hut

«ifiitirrelaravaraalnYevicanasa, he meelianieal onerationu

Pint 3, —Y¥eh, 16, 1:30 pm, Same ranch and fompetatnre 1y plots d the meehian peral
fentures enclosed within the
Feh. 17, 11:30 nm., started digging, Two nestr wora found st 2} and 33 fnot evlinder. We can vefer to

oveln. CYMBRTe RS XN T e RS Con i et anbefrnmaoboninge The y
nur apparently had nst heen made and the squireel diod while plugming,  Onasymmls
waaalh
Plat 4. —Ditch Company o sterdant. SUATA . , antlon S
et 170 1 e e e Pl et o Lh“°'"’ﬁln‘3,&‘."1‘;?,f,§?.‘rp°fm/\.{?;‘rﬁ2‘a'ET‘ S5 Tyery clort was being made to atlain u perfection in applicator
watt 50 depgresn 3, at 20 lyeh Javel, Two m(u{rns

squirrel part! By o g \ 5, $Ea very EE 1 1 bromi 3 i
I i 3.,“?;”':{:35:‘%'} 'y rmz."::-‘r‘zo}-?“f:r'{ﬂz"n’f‘a}on-{:fflrf;foon's. 353::5“” Ll \;h;vh‘;{& "f"’odeni work to be done, 'lenvmg the methyl 'brmmde 'tc‘st‘s. mltftl lfu(l{,
witiniclonavoraafaiiidaineniants 1 1 femola wies detinitely in o hibernading poultlon s (b aatwhen tlmy were resumed in Merced Counl.y with & new series of piots.
aner in (he anme pasttion exeent for the tall, which might have boen disturbed ety Trented 183 holes, colony
digging, A totsl 6f 5 nesly was found, ane elght foat deep, the balunte about 4% gept 16, 1937, Ten milex west of Mareed (Plot 1), Trente 3 b
i . Used Mackle-Carter
several of the runways and 2 hales were plugged ahom I3 feet {rom the sytrface -”filn oach, ylelding 6% doses out of one and #4 out of the 0 1er, B )
Plot fi. —~DNiich Compnny land 3 miles north, 15 milay east of Amsterdson “applleator on 14 holes in same plot, Que snuircel emerked, Wad captured and die

Meb, 17, 1837, 11 aan  Teinperntira 62 degroes W, soll Jsdogresmcl, at 2 foct £ 32 houry later.
3 8 . wature apparently affeets thn
44 treated s 2 dand-aauirrols-were found in the same burrow, onn about 12 thches holg, 4 pam. 10 5 oin. 104 'degrees B, Hish temperd
belaw the B1onic Lnle i e tiher 4 feel tower, belind o 12 inch plug. One dent) % Bullity, of the applicntors to doliver a uniform dosige, Sept. 17, AR holen
male was found in n next io&uéd'g“(w;‘ﬂwp untler n rnckylformalh‘m‘ !.;5 teel thick. B %em, 15, duﬁ G enlonien where & c.e, shol were appiled nn Sept, 17,

system found ahove hardpan at a depth ot 18 Inchas to 2§ font, No noats.  Anathor Hap ) e .
syatem, with 3 nests, wns lon‘}‘d u:ul‘:::' 1{\’(\ hnr.'{prg;: framsns 'If; 7' font dnnih: almost e . io the .\T_acklc (.«llt.’t(‘l.
: deviee, but with most of
e} auirrel ohsarved prior to t ¢ hat ith \lI’ ,nn ".’\
ne squirrel ahyor 0 - alax . ) WHASE
entrances eloacd, vontlng 6 holey with 2latigachpaiulds. 4
lpERn ‘ thiy as the commercial ap-
unialmaanennall ik amliobedlesd nnd 15 feet from opening neay i nesat, x “Fro, 4, . -wny 2-port eommerelal appileator - .
0 ;hm\.ml anme iife, hh :h‘m |r.l-{l very fow minules aflor l;:vtl'ng )g‘nngm to the G boing reftiled, plietor
sirfacs,
>t el $ N NP P San vl .
rroating. s noted immedintaly prioe © ivonstrnetion to obviate Jeaknges of valves o1 unm('u‘».lu;ns' 10 'a‘:lldntnl:‘c"r
Febh 18, 8 nm, started digring.  Twn hales had heen opened, one dead male .3¢;I,uzur‘_| tn operators. T'he spring and snmmer pevied require
) b y To 3 2100 paml Used
teet doep, One desd foriile wns found In an open runway slx feot from the b un &, und ohaerved some 14 sguirrids, l‘«nmor.uure«l.'{u'ndamem
vpening, making a tatnl t'(tﬂndbn‘dxlﬂmwalﬂﬁ!nnm(ls"n?lnny. Plugs were fonnd in ¥ y cﬁ&‘g‘:cﬁt ammeretal npolientors of the sani alyln with .lroumjs ol methyl bromlde
' oVHI Tond fomales wnd 2 malen,
‘evel: 15 c o nmwthy! bromide usad; haley treated § 4 sguirrels observed, (Wi, 21 N ept. 17.  Started digging Plot L, Hacovured ,-" : o
Feb, 18~ Twa holes found gue;‘\j ;\'xroll;t;a‘oot 20 nolos only was Sug oL &t the 395 prentod” Blot 1L, 8§ hales, Gaincent to_ Plot L Mucklo-Curter ppplicator, U 6.0 Pel
cotonics, Necovered 1 dend skunk and t dead fommle squlrrel.

"fll e,
SElaiallow and ama
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Sept. 20 used commerclal appllcator, 7 pounds net '

Eﬁgﬁgnﬁxﬁ‘ihhf'?ﬁaﬁ{‘ plz)l'tt:)mgogl.}tllro ss'ge‘!‘;’;ggs I»‘..nlo':i% %gealtl :13753 t{l.(r,rl\“ g?::lt’tert;
:30 pm.; at 3:30 p.m. trente A asn)
3gw oifshllo c.c. each, temperaturs 110 'degrees. ‘}?.l;rht squlgrer;:ogbggrv(&im({gr'{m"
o dad gl ST ol s el

. am. _Ond Equ ¢
e ”gg{l&g,nr:bt[l.Md dled 2 hours later. Recove‘;ot’lr‘;fi‘a%?ﬁiﬁd jom ‘r-s-tr\tea o, T

“ESent. 22 continued digging Plnt ITI, N

vl ; T f o dand smiirrels were found, TIntrleas,
xg:p%x’r}\ sﬁi teot in dopth wax found. Dus to sitting sand was unable to cmrt:‘:'.la::.

. Sept. 2% dug 3 amall colonles adla widllhraoiite
o cent to Plo . tiSTitxitysg
f ) ..l.xlm(sl.gm"m':’)ssquﬁml were recoversd. Diggling ﬁott clgtzmletl:l? e nd
on Sean ng ;: Igﬂ{nll’s;en?;ﬂl. e:glh‘ o‘t[ g‘ag;:h )(1'01:50 (Pldojt V) tls aoulrrals observeg
263 loles traated nnd closed : 133 hot ti'n Lo Chrter appicator to 1 maumicks,
bromide: 130 srosd H shots of Mackie-Carter applicator to 7 pounds of.
5 “Qg';‘;? % ms‘h&‘ }!3 éﬂ&w;&;&all:ggxﬁ.lgttor to 7 pounds of bromide, Temperaturs
: . -Mu anch b miles enst of Aforced, 4:30 pm., t 2
gtpgg?tso xsaga gguzn‘?‘s)lz\\:m i;\l{alckiek;(:nrtcl{ applicator, cheﬁ sdutl;?‘ﬁgdogggxpv:}lol;}f
orehnrd pad bt # p’llo ely obaerved § a.m, on Sept, 23, on cfxnul bank, In fig

Sopt. 24 checked Mudd Plot at 7:30 to 8:
on 1 ! ) 0 3:46 ».m., Omno slck squirrel aob '
ob“?_zgg. 10 livo saquirrola observed tn wood plle. Checkad Plot V; 1 live séﬁf;ﬁ‘i

Sept. 25 A
nito, l'fgno o _m!'{gg Ranch plot checked et .8:30 am. Two lve squirrels on wood

v '

e . S ,+ San Luls Obispo County Field Tosts

Xulalnnc;: wan rendorsd by the count
T membara Etanes e T ounty o leuitural commissioner, hin rta®y
e i‘,’;.’r';r'lf schngr:;b{d’ ;\c:gléx;sgi%t}xga g!ulo Polytechnie School, In excavo.tlrig burrowa
Joe < T 29 lo_Oct, 5,-1937, { plots ware trented '
- g‘flf'{orc;)t m-cg.a Lln San Luls Oblapa bouniy. In Plot 1, 7 n?lrllga :La%xlcg.z' zt\‘r%%r’on f‘!‘g;ml‘ll‘
o e ot Ut s ohah Do Eronme SIS found on et
10 degreos T Many small oyt F v reated a 115 aam, temperaturs
oll wan hoeavy adobg, very dry nnd‘:l:f'f\eckcodun D om"m D e o |hcher. e
- :;mbvu‘:-aow:h which wers’ treated wlm.,,0'~1hﬁps;n‘l':‘:a}-hgaggmﬁtn%I(}:i(fo?y“:“cd(?{
O T iy
Mackle-Carter applicator was used both lote, . The briineo of - the feld wi
£ ﬂ trented With merhyl bramind 110'111 Io plota.  The balance of tho field wax
N, outalde of thens ) all holes closnd. Thalllumstrented, onts wera used
; Qutalda of cra gaastrented urens, <hlbc eaWSTOHEYoN T IR T T R EAT R

Wl On Oct. 2, 1337 ' '
2, + Boplot 1 mile north of Avila, eonslstin .
AR Mre it el il ialll B Tt
L};ed?&!::n% ﬁg?“r;.}‘la was 741 llnear feet, giving o total dlgf!lsséf:mentwotmltblt; :!fn‘l;‘i:éhfe’r:f
Y r;mmdqﬂ"\.}ﬁt‘.nnﬂﬂ?dmn e maqulznelwxverél’ronnd At depths of I
w0 36 Inel h:;.rloy :';‘Sfm‘mf»‘é’f.‘z' 3":;.{\::‘\‘\‘;«1;:1:&112-} Ahrouzh{mlt the system. Numerous

] | s HO werny found,
Dnam;\nngnmder 'nillot cunlslsl' nE of G5 hurrows § nites ‘.wlmt f}\tn%nn Luly Oblspn, Jn o
Wera hed i sand, wad treated on Oct. 65 10 ce. of mathyl bromide per hurrow
tinna of tﬁo‘tar.,-a'm"‘ﬁfﬂ?@%‘ﬁ“”n‘f‘ Over & honth anoees £+ ft A pm.  Obsorva.
"‘1“““‘5)’3' re{ineézllvcl?'.l Ob. dayyd uver o onth showasd 2, 4, 6, 3 and 4 active
g in San Lula {apo, Profensor Knott of the Callternin I c

Sﬁﬁﬁﬁi‘ﬁt ‘:'l:‘l’x:\s: hlwo 2.way valves synchronlzed with n x:ll:z:?mxr?lllt';‘egipl‘llfdggh?g!
ot g ‘iho i lht "B Uepa 0 Soehabe Saiaits s resnuring
X h ; My p
tnined, but diMeulty nrose when we were unilile to get a vo.lvooutlllx‘ftl't f\r:ru&ldll 'L?n"f&'l'ﬂ.

Yuba County Tesats

\d -

N alm‘zn }c‘{gn; (I‘m";gw t]:m Octohar 27, 1937, nue plat of 50 burrows was treated wh
HuRhEes Werd wnmt fncom th a row of large Engligh swaliut trees. b

Vol nhowsd ured, naplicd through o J-way Z-nort valve npplleator, Latsr ohserve
nrehnrd e ViR e P hetivtty, ahe Himo day 10 Lurcows wern trantod in un nimomt
oo missed l‘!\ -lo 0\; l”- d‘ng no holed wora fotind opened, althoigh one hole fi
The affected M'l‘ul-r‘::l \"';-;\" ki'ls"fsl lmml‘vlcl‘llgvllurl?xpul‘n" sufulrrol tound nane (v opening
the entlre plaurnl eavity Allnd with blaad :uui"'hg‘:ly“mﬁ?l?d to he broken down \\i!g

Santa Cruz County Fisld Toste

Alded by the county agrloulturnl comni ‘

i | ) K ! ssloner nnd hla tnape "lng

e g T
: 2 Alye VAN b

&:’I:“‘-of‘? SiO‘ dexrccs‘ F, safl sundy but very dry and hard. . One dend male squirrei

y spldorm'z ﬂn one plot un'd one doad femnlo in"the othar. Tn Plot 1, 1 salumander,
Y, ten_nnd 3 ticky were found at a depth of 43 inches, all dead. In an old

nng 4 1. ) > A
f:lu:d!.) ugiel ¢, nise Hee (Neohaomatopmus laceinackiug) and 1 tick, all aliveo, were

Wenther fale, trn-

X301 sow bug and

AT RO M AT og R ey

+adgr e et yu e
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. hol “ momon L L
t "o “om o . P ]
E In plot 2, 32 millepodes, © enrnbid bheetles, 1 grafh mogl, 1 -\, oL ocorplors,
1 splder wera found dead I neyts,  Sevei,epeiey, spcly holdag abou?
37 1 quart of oats, were found off the main runwad at a disiande ot ahout 37 feat Ank
\';( at o denth of 38 inches. Anather cache contalnesd more thun a gallon of vats abnut

-3 feal farther on in the same runway,

On _a plot near the Sanalid :MWs”/s
LT NN 1Y o methyl « |

av“,g,}%? gumn.uml'«mlmm»'«'{mf. e OTHYITY A’\.‘J;\ 207 0.0

e abr n‘\%o: 8 holes were Lreatad. Bnoth doubty 2.-way andt «ihFle aavity valve atgpll(:tlf;rsg
W were Ipaking braly, so the dosnge probably was acteally hetween 10 and 15 e pery
.95‘-‘:;burmw. T . P4
Santa Clara County Field Tests

A plot In Santa Clara County, adjeining the State Collogzn stadium, consisting
HE.0t approximalely 1M acres, was treated on a clenn-up basis, A total of 4431
57 holes wan treated with 0.3 c.c. methy] bromide each, using a d-way 2-part commercial
% applieator,  (FIg. 5.)  After treating U600 holes, the valvex bewun tn teak. Na
14 sauirrel activity was notfced on the first 2340, hut fram 2540 to 3a00 ahout 10 holes
Xt hnd, to he vetrentad,  After the l.way valve bekhn (o feak, two Z.way acetylens
x‘q_{'-\’ﬁl\'cﬂ were: used ; these leaked bafors the plot was finixhed, §‘4-vera! saqulrrels dug
‘gj_a,out. and wers found dead an the surface, (Fig.6.), A total of 1514 paunds of methyl

bromide was used,

o . Effect of Methyl Bromide on Rats
1

’-;;2\";&? In spite of the fact that it had been impussible wnder field con-
.;gi,.’ditions to observe the effects of methyl hromide on ground squirrels,
»;ig,;.some iden can be gnined of the effects of the maferinl on rodents,
3% through observations made on rats by D. B, Muackie and W, B. Carter

"' 4 + . . .
?ﬁmf the Entomological Service, These observatinns were made ‘in the

 §¥ laboratory under conditions simulating a buvrew by utilizing a large
. glass jar. .These observations follow:

Welght—12. ounces.

Nasage—CHaBr, 1 e per cu. (t.

18t min.~Signa of drowsiness appsrent, hed draoperd, oyes hnld closed,

Hth min—Iowery of tocomatian Impnatved. Resplrating rapli; hreathing, spas.

modies 1 secomndy mwd and £ seconds slow, Lylng o side,  Fecrid matter

sdaposited (considernhle). .

fith min~Pulsatlons chinge from 3 srconds vapld and § guiet to 3 and &

8th min-—Respiration very ireegolar ad raphl.  Thes eondition enntinusd te
42 minutes, when, withnut slawing down, hears aetion stapped,

42d min~DNaad.

Roth urine and feeal matier wers dischurged during period.  Thare way nlsn
mucnus dlseharige from nosa asel mowth and o widering of the eyrs,

. RAT No. 2—Adult Male

Welght—13 ounces.

Dosnpe--CHaDr, B ee per o, {t

15t to Hh min.—Rat walked baek and forth, showed no signg ol uatieing Ran
Nao agitatlon,  Smelled varlous prrty of fur. .

ath mine~1epd began to droop and vyes ball elowal,  Slgns ot drowsiness,
Qulntly altting at end of jar, Shows avidenes of nervousness.

13th min~-Severnl spiamotic breathing spalls fn mturs of shart kasps.

20ih toln—Telephone bell swakens Fram Iotharehe otate. Walks lensth af jar
—1 tegt—locomotor neryen atfectml,

2taL min—Kyog watering slightly, glarsy loal, seemingly drowsy or lethareis,

Sist min~-Breathing spusmodie with perindie gasps,  Lying on shile

fd min.—Tircathing spasmndie aml raphl spnecerrslon

1620 mine—Mavell hend sllghtly.  ISyns bllokbne ot Ireevular intsrvida,  Mitkes
sffart ehatige posltion.  Logs seom pavalyzed,  Moves jwad sltghtly.

Uit mbne—Beenthing rvepntar anmb sl e N pwiiches alaghuty,
hlinking of eyes more nativohie,  Dlachiege huse aiul mcasth.

125th in—Convulstons of pinfomitia) miseled shiut avery 36 seeonds,

trd miln.~ Convulelons nevensing ur rapldity hut nat intunabty, wnre seratin,

HAtE min~—raathing cepsed aud doath accureed
Bath trine and fornl matter were discharged, the latter duriog fiest hour,

formear during latter part, scemingly dus tu parslysin of contralling mvsseles

In order to be certain that material of a character as lethal as
methyl bromide is surrounded with adequate safeguards, all fuvther

:~}
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tests have been postponed until greater assurance can be developed
that applicators and appurtenant valves and connections will not
leak and subject the operator to an. unwarranted hazard. It is
intended also to determine whether or not a warning feature can be
attached 1o methyl bromide throngh the addition of something pungent
or acrid in charecter to serve as a tracer material.

CONCLUSION .

Methyl bromide has proved to be effcctive in the control of rodents
as well as the insects harbored by them. There is no danger irom fire.
It can be used in wet or dry soils and at various femperatures.
Although at present the cost is high, it can be used where follow-up
or eradication measures are being carried on and around buildings
where ihere is danger in using treated grain baits. 1t should be
used only under proper and adequate supervision even by official
agencies having a irained personnel, and should not be made available
for general use until further safeguards have been conclusively
developed. .
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Re ference

Location ; ',/]_:,_ ~57L'U’ML,;_C/,—V. -‘.—J./li«.a.ﬂl

Number of Replications Plot Size

Time and Date of Application

N o
Seid-Temparature S22~ F

Crop (Variety) )

chemical Methud Losrncltl (102%) Rate 0,315, 0.5, 1.0, 2.0, l/,o/éus//owﬁ; '.
< : 4 v 7 B

Method of Application ﬂ,w/m,&-é;} irm Bare _f@g,‘dw:_/q’ QQ_,L,QJ

TABLE I--Tue Erfect oF VAIoUs UCONCENTRATIONS OF MeTnyL Broanng
oN THE Survival TiMe oF WinTe Rars At 32 Decress F

= e P —— ——

T cﬁ&;};'éug;:‘gxl:"wr Ses Average time to kill {Minutes)

Female 144)
Male
Pemnale
Male
Pemale
Mule
Female "6

Fenale Not dean after 3 hours at 32 degrees B
Male Not deud after 4 hours at 32 devees F

——— ——

TABLE II—TnE ErFectiveness o MetnyL BroMing iy KILLiNG RobENTS
IN A SMALL STorRAGE Roon AT 32 DEGREES F

Tseatment Numbel Per Cent Mortality
(Pounds per 1,000 Species g A e
Cubie Peet) v of Rodents |95 1 ater | Ater

4 Hours

Juvenile
Adult
Adult
Adult
Juvenile
Adult

White mice

White 1ice

1 pound for 4 hours | Meaduw mice
L, R Pine mice

“air eirculation White rats

White rats

White mice
3 pound lor 4 hours | White mice

iy Meadow smice
alr circulation While rats
White rats
White mice
Iy pound for 4 hours Meadnw mico

N no Wild rat

air circulation - White rats
White raty

Juvenite
Adult
Adulr
Juvenile
Adult

Adult
Adult
juveugte
uvenile
Adult

Juvanite
Adult
Adult
Juvenile
Aduit

White rice
White mice
Meadow mice
White ruts
White rats

DNNALS § A=W | SALITT | BT IS

sPRoLt oo
== 1-1-T-N - B-]

.

TABLE MI—Tne Prr Cext Mortanity of RupkNis Precen v acCone
MERCIAL CoLh Stonack axn Sunjeoren 1 Varors oF MiTigr,
DBrosing At 32 Decries F - v

IS

P

L il R

"o ver Cend It
Treatment <vow | Per Cent dlorality
{Pounds per 1000 L Number of Reelgnts 1 Afters b Sleurs
Cubic Feet) - Treatment

e — S

16 afult mates 100.0n

¢
2 ! Wh ice 14 aviult e ales Joa.n
¥ pound for & hours ’ whﬁ; f:?ls 12 adult smuies 113K}

LVW/1kv; 2/10/78 © Whiteras 1 fadultfomales |\ 100,0
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Some Trials With Methyl Bromide as o Fumigant
for Rodents in Cold Storages

By ¥. W. Sovrnwick, University of Connecticut, and-F. B,
Senveeg. and Go N, Aweavaen, U, S Fish and
IVitdlife Service, Storrs, Conn,

e annual luss of apples in common and cold storages due to the

activities of rats and mice is undoubtediy large. These Josses often
occur in storages of radent-prool construction, since rats and particu-
larly the nice, are carried into the storage with the fruit during the
harvest season, .

Strychnine treated oats, rar:fully placed about the storage, are
recommended as a means ui controlling rodents. Baiting methods,
however, have not always been effective hecanse growers often have
failed to appreciate the important details of baiiing, and under certain
conditions it is difticult to expose the oats where the rodents wil] find

- them. Consequently, the fumigation of storages is worthy of considera-

tion. .
~ When itiating this study it was obvious that a fumigant possessing
a low Dboiling point and jood penetrating qualities was necessary if
contro! was to be obtained, Methy! bromide has a hoiling point of 40.1
degrees F. This material is so near its boiling point at cold storage
temperatures that it evaporates and tends to dJiffuse very rapidly, It
is also non-inflammable. The fact that it is odorless or practically so
at many of its useful concentrations is an advantage because it canuot
directly flavor the fruit. However, the lack of odor makes thi§ material
somewhat dangerous to humans who may not suspect its presence .t
letha) concentrations. Halide detectors are available and can be used
as indicators of the presence of methyl bromide. - ‘
Sherrard (6) has shown that the minimum lethal dose for wild
rats expused to methyl bromide for four hours at 76 to 79 degrees F
is J4 pound per 1,000 cubic feet. In dairy plants, at 70 degrees F or
higher, Searles (5) has readily killed white laboratory rats in five
hours, using approximately % pound per 1,000 cubic feet. Since the
temperatures in cold storages are considerably lower than those
employed by other investigators, a number of trials were conducled
with rodents held at 32 degrees F, it Leing necessary to determine
what cuncentration, if any, woul] giv- satisfactory control of rodents
during a fumigation period of fiom 4 1o 5 hours,

METHODS AND MATERIALS

The white rats and mice employed were obtained from various
Islioraturies at the University of Connecticut and the Cemnecticnt
Agricultural Experiment Station at New Haven, These rodents had
heen maiptained on non-deficiency diets. ‘The other rodents were

eollected in the field. At the emxl of each trial the animals were sexed~.

Weights were obtained, immediately after each given trial if the ro-
dents were dead, v as soon as they had succumbed. The veeight of the
white mice ranged from 6.0 to 29.8 s, the meulow mice irom 22.7 to
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Reference # / 485

Location é{n,{lrf/uﬁzé, Jgg (fewwwzz/ég,]" s 5 7Lc'f’ULo ,LG”-.J;V—J/;LLL(A 7‘

Number of Replications Plot Size

Time and Date of Applicatic.

-

2o °F

Crop {(Variety)
Chemical [fetbud Lrtrnede (1005 ) Rate 0,35, 0.5, /.0, 2.0, L/o/lﬁ//oooff ‘

4 ) . . .
Method of Application _ﬁhvé1$%? (m goqp¢94¢¥vtf dests

TABLE I--THe Erfec1 or Variovs CoNCENTRATIONS OF METuYL Bronipe
aN THE Survival Trme oF WhiTE Rars aT 32 Denkkes F

= = = Eay

Treatment (Pounds per werap . § 3
1,000 Cubic Fect) Averape time to kill (Minutes)
0,50 Female 1960
Male 20
Female G
Mule i
FPemale 1n
Male 1356
Pemale V6
Pumate Notsdead after 4 Hours at 32 degrees F
Male ~ot dead alter 4 hours at 32 deerees F

TABLE 11—TuE ErrFecTivENESs o Mersive Broaing 1N KiLLine RODENTS
IN A SMALL STORAGE Roon AT 32 DecrEss F

Per Cent Mortality

After Alter
4 Hours | 2 Days

Treatment . Number
(Pcésg,scyig:c I .)ooo Speeies of Rudents | Age

White mice
White mice

1 pound for 4 hours | Meadow mice
. B Pitie mice

alr circulation White rats
White rats
White mite
3( pound for 4 haurs | White micg
.. Meadow mice
air circulatioy WWhite rats
White rats

Juvenile { 1000
Adult 100.0
Adult 100.0
?dulgl 100.0
uvenile | 100,
Adult 100.0

Juvenile 100.0
Adult 1000
Adult 100.0
Juvenile

Adult
Adult
Adult
iuv:ude

———— -

{
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—————— |

|

. White mice
3 pound far 4 hours Meadnw miico
.. no Wilel rat
Wit circulation White rats
White rats
White nmiice
White mice
Control Meadow mice
White rats
\V!lile rats

uvenile
Adult

Juvenile
Adult
Addult
Juvenile
Adutlt
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TABLE 1I—Tug Prr Cenr Marragry or [{ul-t.:'(ia" T™ acre v & Cone
MERCIAL COLD STOIAGE ASD SURECTFD 10 VATORS, oF METhyt, -
Les I .
. R
v . :‘b .T
l'x‘Cg}usl\%';jlahly
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Some Trials With Methyl Bromide as o Fumigant
for Rodents in Cold Stornges

By F. W Sovrawies, University of Connecticut, and F. B,
Senveer, and Go N, Anravon, {40 8, Fish and
Wildlife Service, Storrs, Cona.

N e amual loss of apples in common and cold storages due to the
activities of rais and mice is undoubtedly large. These lusses vflen
ovcur in storfages of radent-proof construction, since rats and particu-
larly the mice, are carried imo the storage with the fruit during (he
harvest season. .

Strychnine treated oats, carefully placed about the storage, are
recommended as a means of controlling rodents, Baiting mcthods,
however, have not always been cifective hecause growers often have
failed to appreciate the important details of baiting, and under certain
conditions it is difficult to expose the oats where the rodenmts will find
them. Consequently, the fumigation of storages is worthy of considera-
tion, .

When initiating this study it was obvious that a fumigant possessing
a low boiling point and good penetrating qualilies was nccessary if
control was to be obtained, Methyl hromide has a bailing point of 40.1
degrees F. This miaterial is so near its boiling point at cold storage
temperatures that it evaporates and tends to diffuse very rapidly, It
is also non-inflammable. The fact that it is vdorless or practically so
at many of its useful concentrations is an advantage because it cannot
divectly flavor the fruit. However, the lack of olor makes this material
somewhat dangerous to humans who may not suspect its presence at
lethal concentrations, Halide detectors are available and can be used
as indicators of the presence of methyl bromide, ’

Sherrard (6) has shown that the minimum lefhal dase for wild
rats expused to methyl bromide for four hours at 76 to 79 degrees F
is 1§ pound per 1,000 cubic fect.”In dairy plants, at 70 degrees F or
higher, Searles (5) has readily killed white laboratory rats in five
hours, using approximately % pound per 1,000 cubie feet. Since the
temperatures in cold storages are considerably lower than those
employed by othier investigators, a number of trials were conducted
with rodents lield at 32 degrees F, it being necessary to determine
what concentration, if any, would give satisfactory control of rodents
during a fumigation period of from 4 to 5 hours,

MEeTHODS AND MATERIALS

The white rats and wmice employed were obtained from various
laboratories at the University of Connecticut and the Conuecticut
Agricultural Experiment Station at New Haven, These rodents had
heen maintained on non-deficiency diets, The other rodents were
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callected in the Oeld. At the end of each (rial the aninals were sexed— —

Weights were abtained, immediately after each given trial if the ro-
dents were dead, or as soon as they had suectnbed, The weight of the
wlite infee ranged from 6.0 to 29.8 giis, the meadow mice from 22.7 to
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Methyl Bromide as a Fumigant for Rats and Mice Tes

in Apple Cold Storages! . : 0,10,

. . . . . : ferens

3y Rovert M. Bore, &, S. Departinent of the Interior, Fish 'mi(ma
' .s - - 3 gy pe A uye N - . * .

and 17Hdlije Service and LAwWRENCE SOUTHWICK, : (a co
AMassachuselts State College, Awmbherst, Mass. peviod
hloade
in Tal
respir

TAL

n recent years, radents (rats and mice) have become’ pests of con-
siderable e.onemic importance in fruit and vegetable storages in
* spite of the use of present control measures ~— poisoning, trapping,
and proofing. A search of the literature revealed the possibility of
methyl bromide as an effective fumigant to use in fruit storages.
Methy! bromide (CHzBr) js a colorless, practically odorless (re-
sembles that of chloroform), volatile liquid, with a specific gravity
of 1.732 at 0 degrees C and a hoiling point of 40.1 degrees F., At or-
dinary temperatures, it is a gas approximately 3.3 times as heavy as
air, It is soluble in most common organic solvents but only slightly
s0 in water. It is usually noninflammable. Since it has a low boiling
point, it tends to evaporate and diffuse very rapidly. And since it is
practically odorféss and has a low water solubility, the chance that low
concentrations would leave a residual odor or taste on fruit in cold
storage would seem to be practically negligible. )
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A small room (734.4 cubic feet) in the apple storage at Massachu- . (I":}:’EZ{
setts State College was used. This room is separated from adjacent : .
chambers by heavily insulated walls and contains brine coils for re-
frigeration, There is one small window near the ceiling in the hack
wall, This was replaced’ with heavy brown paper firmly scaled to
prevent the escape of gas. An electric fan was set up on the window
just inside the paper seal. When it was desired to vent the room of the
methy! bromide gas, the paper seal was broken from the outside and expos
the fan was turned on. Another fan near the floor helped to air the viduz
room quickly. At the end of 10 minutes venting, no evidence of methyl : Cwas |
bromide could be detected by the use of a halide detector. was 1
Only enough boxes were stacked in the room to make it possible killin
to expose the radents at varying heights in cages containing litter and . tratin
bedding, used as nests, All animals used in the tests were plieed in the at th
room about 1 hour before treatment with methyl bromide. Several obser
varieties of apples were placed in the room for euch separate fest so ghon
that any injury to the exposed fruit might Tie checked. Using 2 gs : fed ~
mask, the senior auther in each test liberated the desired quantity of LS
the gas in the roum, A circulating fan on the flior was tarbed on at Corta
Tow speed and run continuously to prevent possiile stratification of aat

the gas and to provide the most rapid rate of kill. :{:::’:

- . L ' ’ Wi
"Coniribution No. 544 from the Massachusetts Agrivultmal  Experisment feterti
Station,
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Table 4. Timc-concentration rates for killing mice in cold storages
~ with methyl bromide.

Da igati CH,Brper | By Time to Injury to
te of fumigation 1000 car g, Exposure il e appi‘::s

pounds Lours huurs
14 4172 3

cervenes /4 4 3

21/8

. 1{2 N
resevsen avesenana o0 mice
March 202000000000 2 :‘lomazc

I3

C«vu(rt.;, oot ’p‘f‘/"*":j Ao

A small commercial storage room 17,000 cubic fect capacity was
fumigated December § using ¥4 pound of methyl bromide per 1000
cubic {eet of {ree air space and allowing 10 per cent for leakage, Of
the 14 mice placed at various points throughout the room, 12 were
dead at the end of 4 hours and the ofher 2 died within 4 hours of
removal {o {resh air, No injury to the apples resulted. The Halide leak
detector showed considerable leakage around doors and perts and a
1'cdpccfd concentration in the storage towards the end of the fumigation

period, . =0

These results indicate that 34 pound of methyl bromide per 1000 o - “:

cubic feet kills mice within 4 hours without damage to apples in cold R

storage. : e
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Mouse Control in Fruit Cold Stovages by Means of Carbon foe,ilo
. Monoxide and Mcthyl Bromide Fumigation®

’

By SOWL Porrerr, 10V, Frsoer, and B DL Boak, Dominion
Experimental Stution, Summcerhond, B (.

}i FEAVY infestations of mice in orchards of the Olagagan Valley dur-
{ ing the 1H8and 1949 seasens resudted i lirge monbers entering |
starages in Inose haxes of fruit, therehy causing serious economic losses
to many packing houses, Since neither puison lait nor cats gave effec-
tive control, fumigation was considered. Fumigation experinients
using carbon wanoxide and methyl bromide are reposied in this paper.

Revigw or LITERATURE

The lethal properties of carbon mionoxide are well knewn, but 1o
exacl nformation as to its possible use for exterminating mice in fruit
storagres was available. Verbal reports from the State of \Washington
indicaled that carbon monoxide in exhaust gases from gasaline engines
had heen used suceessfully as a storage fumigant for mice.

Methyl hromide, on the other hand, is used extensively for fumiga-
tion of food warcheuses, ships snd yailway cars eontaining nonperish-
able foodstuffs. Phillips (10, 11) and Kenwaorthy (6. 7) repert thac
fumigation of fresh fruits with methy! bromide jor contral of Japanese
beetle and codling moth, at concentrations of 2 1 3 peunds per 1000
cubic feet at 75 degrees T, resulted in varying amounts of injury to the
fruit, Phillips et al (10), using wethyl hromide at the rate of 2.3
pounds per 1000 cubic feet on apples at a core temperature of 75-78
degrees I, produced somie internal and external injury, but when fruit
was havvested at the correct maturity and fumigation delayed until 6

“weeks after picking, injury was nepligible, :

Kenworthy (6, 7) fumigatedd iced cavs of apples with 2 to 3 pounds
of methyl hromide per 1000 cubic feet, within a tempernture range of
50 to 75 degrees F. Severity of injury inercased with higher temperas
tures and varied with different vinietivs,

Southwick et al (12, 13, 14) and Boarg et al (1) made speeific appli-
cation of methyl bromide 1o fruit cold storages (or contral of ridents,
In storages at 32 to 36 degrees 17, methyl bromide, at 2 concentration
of ¥4 pound per 1000 cubic feet of iree air space for 4 fo 5 hours, gave
a complete Kill of rats and mice with no injurious effects to fruit,

Sonthwick {12, 13) observed that methy] branide stimulated res-
piration and aipening of pre-climacterie Truit, but had e effect on
fruit that had begun the cimacteric vise, Claypool (2) reported ace
celerated ripening on Bartlett pears with coneentrations of 2 or more
pouuls of methyd hromide pee 1000 cubie feet with oo aetaad physica)
harmy to the frail, bt in general o deteriortion ju subsequent ealing
quality. Knott amd Clayponl (8} foosed that methy! bromide stimu-
lated certain metaliolic processes of “matare green®” tonaloes,

"Contribution Ne. 791 Division of Taetenttnne, Experimental Farnis Sevvive,
Daminion Deparient of Agricultiie Jecpived for publication June 21, 1952,
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AS FUMIGANTS FOR ‘BOOPHILUS SPP. TICKS
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PRELIMINARY TESTS WITH
METHYL BROMIDE AND DICHLORVOS AS
FUMIGANTS I'OR BOOPHILUS SPP. TICKS AT
QUARANTINE STATIONS

By W.J. Gladneyt

ABSTRACT

Fumigating engorged female Licks (Boophitus anmudetus and Boophilus
microplus) with methy! tromide gus for 15 minutes in metal drums pre-
vented the ticks from laying eggs {caused 100 percent female mortality) . The
effectiveness of dichlorvos strips (20 percent active ingredient) depended on
temperature and length of exposure: at 1° to 6° C, tick control (an estimate
based on Lhe decrease in the reproduction of treated ticks when compared
{o the reproduction of untreated ticks) ranged from 16 percent after 1 houy
of fumigniion to 641 percent after 24 hours; at 29° to 84° C, control ranged
Tfrom 36 percent after 1 hour of exposurs to 81 percent after 24 hours.
Technical dichlorvos afforded consistently poor control {0 to 25 percent)
at all temperatures and exposures lested. In limited tests, immersion of
engorged female I, enmudutas in saturated NaCl solutions also provided
consistenlly poor control (0 percont afier 5 minutes to 27 percent afier
1.5 hours). - )

INTRODUCTION times trophies are packed inside plastic bags
‘with a saturated NaQCl solution to kill ticks, but
the effectiveness of this treatment is unknown.
Many ports of eniry along the United States-
Mexican border are small facilities with limited
personnel who are not experienced in handling
control chemicals. Also, rapid treatmenf of
{rophies is necessary so that hunters returning
1o the States will be detained for as littie {ime
as possible. Therefore, ATITIS personnel nced a
simple, safe, rapid, and effeclive technique for
killing all Boophitus spp. females that may be
attached {o trophies. ‘

APHIS requested that the Agriculturil-Re-
search Serviee (ARS) do limited experimental — 8%*3%%
testing lo determine the effecliveness of di- ., ...
chiorvos and metnyl bromide (MeBr) in the Yt
h‘.R-.\.scﬁzir;l.) enfomologisi, U.S. Livestock Insects Lab- f}lmig‘utjllg’ n.t ul ]tilling of .f emm? Boophis S}) P weges
oratory, Agvienltural Reseavch Service, U.S. Deparument  Hieks. Little information is available regavding  wvoes
of Agriculture, P Wox 383, Kerrville, Texas. 78026, the efficacy of fumignnts against licks, waud tto ":N

hd
L L
o
T3P
o

»
os oo

The importation inte {he Uniled States of
hunting trophies from Mexico poses a problem
Tor Federal animal healih officials. Occasionally,
Animal Plant and Health Inspection Service

. (ATIIIS) personnel at border inspection sta-
tions find {hat such items as deer hides and
hieads are infested by ticks, Because APHIS, au
agency of the T.S, Department of Agviculture
(USDA), is charged with enforcing quarantine
regulations to prevent importation of Boophilus
spp. ticks into the United Siates, inspection por-
sonnel need a suitable and relinble teehnique for
killing all Zoophitus spp. Temades,

At present, APIHA has no dependable wethod
for killing Buaphilus spy. ticks on trophies. Some-
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information is available on the efficacy of di-
chlorvos vapors on cngorged female Boophilus
spp. ticks. Barnelt and Parsons® fumigated bales
of liny infested with several species of ticks with
MeBr and oblained variable results. Roth® ob-
tained 100 percent control of unengorged adult
Rhipicephalus sanguinens (Latreille) (brown
dogr Ltick) with MeBr in fumigation drums.

Reported here are results of preliminary tests
with dichlorvos and MeBr against engorged fe-
males of Boophilus annulatus (Say) and B.
microplts (Canestrini). All tests were conducted
at a sublaboratory of the U.S. Livestock Tnsects
Laboratory (ARS) at Nuevo Laredo, Tamauli-
pas, Mexico, during 1973, '

MATERIALS AND METYODS

From 1964 until 1874, we maintained colonies
of B. annunletus and B. microplus on cattle at
Nuevo Laredo for use in spray or dipping tesis
with tick-infested cattle, in laboratory dipping
tesls, and in basic biological studies. Drummong
ef al.* have deseribed in detail the renying proce-
dires and handling methods used with the ticks.
Engorged female ticks available from infesta-
tions established for 1hie usual insecticidal tests
were used in the fnmigation tests reportied hore,

Tgst 1

In carly January of 1978, Tresh hides of white-
tailed decr, Odocaileus virnininnus (Boddaert),
were available from a loeal slaughterhouse, We
obiained three hides weighing betweon 1.71 and
2,12 kilograms from ihe slaughterliouse.

Groups of 10 female B. annulatns were
weighed and placed inside specially constructed
screen wire eages of I- by l-millimeter mesh
copper screen, The cages were 4.5 centimeters
long and 2,5 centimeters in diameter. After the
females were placed inside, the cages wore stop-
pered wilh a plastic No. 12 Caplug. A total of 18
cages were used, with 10 ticks in each cage.

—————

3 Darneit, S, ¥,, and Parsons, B. 'T. 1968, The control
of Llicks on fodder and bedding using ravihyl bromide.
Vet. Ree, 75: 1213-1215,

2 Roth, I1, 1973, Funtipants for quarantine control of
the adult brawn dog tiek: Laboratory studies. J. Econ,
Entomol. 66: 1283-128G. )

4 Dyommopd, R, 0., Graham, O, H., Ernst, 8. B, amnd
Trevine, J, L, 1967, Gvaluation of insecticides for the
control of Boophilus aunulatuy {Say) and B. micraplus
{Canestvini) [Acarinn: Ixodidae] on eatile, Pioc, 2d Int.
Cangr, Acarol,, pp. 403498,
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Three 208-liter (556-gallon) drums were used
as Tumigalion chambers. The outer rims of the
drum Jids were lined with weather stripping to
create an airtight seal when the lids were sccured
on the drums with metal rim straps.

A special false bottom was constructed of a
No. 9 flattened expanded metal (hole size, 1.9
by 3.8 centimeters} to go inside the fivst dram.
The false bottom was 54.6 centimeters in
diameter; it fit just inside the 57.1-centimeter-
diameter drum and-was supported by three
20.3-centimeter-high legs which rested on the
bottom of the drum. This civeular metal grate
supported a deer hide above a l-liter beaker
containing technical dichlorvos which rested on
the bottom of the drum.

A metal haok was soldered to the centey of the
lid of the sceond drum so thatl dichlorvoes strips®
could be suspended by wires from the hook. No
special modifications were made on the third
drum, which served as a control.

In the first drum, 45 grams of technical di-
ehlorvos was poured in the 1-liter beaker; in the
second drum, Lwo 20 percent dichlorvos strips
(total weight, 225 grams) were suspended from
the metal hoolk; the third drum received no
treatment.

One cdeor Lide was placed in each drum, and
three cages of engorged females were folded in
{he center of each hide so that the cages were
completely covered with the hairy side of the
hide. Three olhar cages were placed directly on
top of the flesh side-of each hide Thus, a lofal
of six capes were placed in each of the three
drums, Timing of 1hie test began when the metal
lids were secured to the tops of the drums.

Drums were opened at the end of 1, 4, and 24
hours of exposure, and one cage was removed
from both the top and the middle of each hide
after each exposure period. All fumigation tests
were conducted in open-sided stalls with a
wooden roof o thut the drums were exnposed to
ambient temperalures that ranged frora 1° to
G° G at normal almospheric pressure.

Immediniely after removal Lrom the drung,
the 10 females in each cage were transitrred Lo
a labeled 8-dram glass vial and placed in a eon-
stant-lemperalure chamber (277 C and sbovt §6

¥ No-Pest Strip Tnscelicide, Shell Chemical Ce., Ban

Ramon, Calif. HERR (active ingredionts: 18 percent
dichlorvos, 2 percent related compounds; 80 pereent inert
ingredients),
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percent relative humidity). After the females
completed oviposition, their eggs were removed,
weighed, and returned o ihe chamber. After
hatehing of eggs was complete, the percentage
of egg hateh was estimated.

The estimated reprodaction (ER) was caleu-
lated for cach group of females by the formula

______ggegggs X hatch}20,000=ER

& eggs=weight of eggs, in grams,
g ¢ =weight of {females, in grams,
% haich=percentage of eggs laid that
hateh, ’
20,000=a conslant, the number of
eggs in a 1-gram mass.

Percentage of control {or each treatment was
then calculated by the formula

unfreated ER—freated ER
“untreated ER

Test 2

In mid-June of 1973, a second test was con-
ducied in which dichlorvos strips, technical di-
chlorvos, and MeBr gas ware evaluated. IFresh
dear hides were not available at that time of
year so Lhe lest was conducted in a manner simi-
lar to thal of test 1 except that cages of females
were placed inside the drums without wrapping
them in deer hide. Also, an additional exposure
time of 2 hours was evaluated.

Dichlorvos, both in 20 percent strips and as
a technical liguid, was tested against B. micro-
plus femnles by placing the two formulations
inside the fumigation drums as in {est 1. The
number of replications (10 females per cage)
per treaiment and exposure {ime ranged from
2 to 6. Only one replication per exposure time
was run Tor the unlreated conirols. .

A soil Tumigant eonlained in cans as & liguid
under pressure wus the source of MeDr.t A
special hose with a metal adapter was affixed to
cach ean, punccuring the can. A valve al the
junetion of the adapler and the can kept the
Tumigant {rom heing released as 4 gas, The hose
was then inserfed info a fumigalion drum
through a small slil between the lid and upper
rim of the drum and the valve was opened, ve-

where

and

X 100=% control.

s Pesbnaster Soil Fumigant-1, Michigan Chemical
Corp., Chicago, Il (active ingredients 98 pereent MeBr,
2 perecnt chlorvopicrin}.

leasing the gas into the drum for either 15 see-
onds or 1 minuie,

Cages containing the female ticks were placed
inside the drums immediately before the gas was
released and were removed from the drums im-
mediately after their exposure time was com-
plete. Protective equipment (vespiratory mask,
eye gogples, and rubber gloves) was worn by
the investigator while the gas was introduced
into the drums and while females were being
removed from the droms. With B. mieroplus, six
cages of females were exposed to the MeBr gas
for 15 minutes, and six additional cages were ex-
posed for 1 hour. With B. annuletus, four cages
were exposed for 1 hour. Temperatures during
test 2 ranged from 29° to 34° C. I'emales were
maintained and BR for each group was computed
as ia lest 1.

Test 3

In this Lrief {est, saturated NaCl solution was
evaluated for its effectiveness in the control of
reproduction of female B. annulafus.

NaCl erystals were stirred into 100 milliliters
of water until no more of the salt would go inlo
solution and a residue of the crystals remained
in the bottom of 135-milliliter ice cream cups.
Ten {females were placed in each of four different
cups and exposed to the solutions for 30 seconds,
5 minutes, 1.5 hours, ov 2 hours. Ten control fe-
males wore placed in untreated water for 2
hours. Females were allowed to aiv-dry by con-
fining them on paper towels before they were
placed in vials. The vials were placed jn constant-
tempeorature chambers as in test 1, and ER was
computed for the females as in tests I and 2.

RESULYS
Test 1

Tahle 1-shows that dichlorves vapors from the
strips provided a higher level of conirol of ER
than did the technical liguid. The highest level
of control was obiained with ticlks located on top
of the deer hide exposed to the sirips for 24
hours. Level of confrol by strips was greatly re-
duced at exposure times of less thaa 24 hours
and was less Tor ticks folded inside the deer hides
than for ticks on {op of the bide, Conlivl pro-
vided by techinical liquid was extremely low for
all exposure limes and for beth ¢age loeations.

Low ambient temperatures that prevailed during”™
test 1 probably accounted for the low level of .

varD e
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TABLE 1.—Reproduction of engorged female Boophilus annulatus afier
exposure to lechnical dichlorvos or dichlorvos strips in fumigution drums

. . Weight of :
Formulation Weight of tota% os Hateh Reproduction

and cage Exposure

position (hours) {grams)

{pet of Petof

masses o Inid) ERY control

{grams)

Strip:
On top of deer
hide coeeevvnenanns

Do viisrreneens

Covered by
deer hide vevvvennsn
Do evvvviinnes

Technical:
On top of deer
hide coveveveerenins
Do ciivernienne
DO veevinenenss
Covered by
doer hide ....
Do vevererenn

Control:

On top of deer
hide «vvvverennenias 1
Doverearrnases 4
Do vrearsseense 24

Covered by

deer hide vvvveneees 1
4
Dosevrnenennns 24

1.635 9,083
1.994 10,026
632 3,849

1.810 9,873
1.989 11,247

1.789 9,052

2,027 10,454
1.876 ; 10,934
1.904 10,524

1,748 10,157
2.005 10,491
1.632 : 9,541

1.819 10,834
10918 11,315
1.882 10,707

2,130 11,211
1.827 9,164
2,046 11,467

1 ER==Estimated reproduction,

conirol observed since the vaporization and in-
secticidal activily of dichlorves are reduced at
lower temperatures.

Test 2

Table 2 shows a diveet exposure time-activity
velationship for dichlorvos strips; the longer the
exposure time, the greater thr percentape of
conirol. A highey level of control provided by
strips was obscrved in lest 2 than in test 1, ap-
parently due to the higher ambient temperatures
that prevailed during lest 2. Also, as in test 1,
technical dichlorvos provided a lower level of
control than did the dichlorvos from strips. A
fumigant containing 98 percent MeBr was 100
percent effective at various exposure times
against both species of femnle Boophilus.

Test 3
The data in table 3 show ihe relative ineffec-

fiveness of saturaied NaCl solutions for control

4

of female B. annulatus. Exposure times of 5
minutes or less had virtually no cffect on the
reproduction of this speeies, while exposure
times of 1.5 to 2 hours provided very slight con-
trol of ER.

CONCLUSIONS

MeBr fumigation was by far the most satis-
faclory treatment lested from the standpoint of
both mininum required expostre time and effec-
tiveness of the ehenizal in the control of ticks.
Tumigation with MeBr requires the use of safely
equipnient such as gas masks, eye zoggles, and

rubber gloves by personnel condueting the operea~
tion. Tumigation with this gas should be Jone

outdoors.
Technical dichlorvos in drums would not be

satisfactory for the fumigation of huding -

{rophics al ambient temperatures because ef the
low level of ~ontrol observed with this forunula-
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TABLE 2.—Reproduction of engoryed female Boophilus spp. licks after exposure to dichlorves sirips,
technical dichlorvos, or MeBr gas in fumigation drums

Weight of total Average Reproduction

Treat . o
I'reatment, Axerage total e masses, vexag e

species, Repli- Txposure @ weight per | N
and cationg (hours)  replication ?;';iﬁi%g {pet of A‘giﬂge pet of
formulation (grams) (*'ra;ns) eggs laid) control?
&

Dichlorvos,
B, microplus:
Strip «veeveenen
Do cvvrvnennn
DO cevevvanns
Do cvvvvnnnes
Technienl ......
Do covevrenne
DO ceevrennas
Do veeriinens
Control +...tvn.
Do cevverrens

PR LR % ) 4 LA T A i e g 2t

1,164
964
542
441

1.516

1.529

1.218

1574

1,604

1.562

1.655

1.391

T,

3
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microplus:
Gasd .ooiieenes
Dot veernnnn
Contral ........
Do sevvennnns
MeBr, B.
unnulatug:
Gasgd 4
Control vevvnunn 1
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-
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3 Estimated reproduction.

2 Bused on average trepted ER and untveated ER,

31 minute clapsed while gas traveled from the can into the drum.

€ 0.26 minule elapsed while gas traveled from the can into the drum.

TARBLE 3.—Reproduction of engurged femele Boophilus annulatus dipped
in saturaled NaCl solution

Ot R AR RIS

T

- CE AR

Weight Died  eightof Tatch Reproduction

of 10 ¢ without t:::;;ﬂg;g {pctof ER: Det of
{(grams) oviposiling (gram-s) egps Inid) control

Time it1
soludion

LN

A, St it b 50

30 seconds......2.77 1,372 95 9,411
& minules....... 2,87 1.607 95 8,977
1.5 hours.......3.49 . 1.659 5 7,130
2 hours .........3.28 1.346 1173 7918
2 hours? «.......3,17 1714 90 9,733

"ty

Pk Farn

1 lstimated reproduction,

2 Controls in untreated water, .
tion in both tests 1 and 2. Dichlorvos strips may  and hides are placed so that the outer skinis fully
expesed to the vapors. - :

Packing hides in a saturated NaUl solution
trol if ambient temperatures ave moderately  \would not be a satisfactory ireatmend for control

high, exposure time can be long (>24 hours), of Boophilus females.

be used to achieve a velatively high level of con-
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